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O.  A.  Songina  and  S.  A.  Khodasevich 
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Translated  from  Zhurnal  Analiticheskoi  Khimii,  Vol,  16,  No.  5,  pp.  516-522, 
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Original  article  submitted  July  16,  1960 


During  titration  of  iron  with  permanganate  in  ahydrochloric  acid  medium,  Zimmerman -Reinhardt  solution  (we 
shall  henceforth  refer  to  it  as  Z.  R.)  which  contains  manganese  sulfate,  sulfuric  and  phosphoric  acids  is  used.  Oxida¬ 
tion  of  chloride  ions  by  permanganate  interferes  with  titration  of  iron  with  permanganate  in  a  hydrochloric  acid  medi¬ 
um  when  this  mixture  is  not  used.  The  theoretical  basis  of  the  action  of  Z.  R.  mixture  is  still  the  object  of  discus¬ 
sion.  It  has  been  assumed  as  a  basis  that  oxidation  of  chloride  ions  by  permanganate  is  induced  by  Fe*'*’  ions,  while 
Zimmerman  [la]  in  1882,  and  subsequently  Mansho  [lb,  2,  3]  suggested  formation  of  an  intermediate  compound  of 
iron  which  possesses  a  higher  oxidizing  capacity  than  permanganate;  this  iron  compound  (assumed  to  be  Fe205),  on 
breaking  down  gives  "active  oxygen"  which  then  reacts  with  the  chloride  ions;  when  Mi^^  ions  are  then  introduced 
into  the  solution,  the  "active  oxygen"  reacts  with  them,  and  not  with  the  chloride  ions,  to  give  manganese  dioxide 
which  behaves  as  an  oxidizing  agent  with  respect  to  Fe*^  ions.  Shilov  [3]  has  referred  to  Wagner's  work  [4]  on  the 
coupled  oxidation  of  hydrochloric  acid  during  the  reaction  between  permanganate  and  divalent  iron;  Wagner  assumed 
that  oxidation  of  chloride  ions  is  a  side  reaction  following  upon  the  formation  of  ferrohydrochloric  acid.  Shilov  on 
the  other  hand  is  of  the  opinion  that  oxidation  of  chloride  ions  by  permanganate  in  the  presence  of  Fe*'*’  is  a  typical 
case  of  chemical  induction,  and  that  the  question  of  whether  this  process  is  the  main  or  side  reaction  depends  on  the 
ratio  of  the  concentrations  of  the  acceptor  and  inductor. 

Having  considered,  and  experimentally  checked  Mansho's  hypothesis  re  the  formation  of  a  higher  oxide  of  iron, 
Shilov  arrived  at  the  important  conclusion  that  the  active  product  may  be  formed  not  only  from  the  inductor,  but 
also  from  the  actor,  if  the  process  does  not  go  to  completion  l.e.,  to  the  most  stable  oxidation  state,  but  stops  at 
some  compound  "in  an  intermediate  oxidation  state,"  which  on  breaking  down  into  compounds  of  higher  and  lower 
oxidation  states,  behaves  as  a  stronger  oxidizing  agent  than  the  original  material. 

This  assumption  of  Shilov  has  been  developed  subsequently  by  many  research  workers.  Thus  Basset  [3]  is  of 
the  opinion  that  there  is  no  need  to  refer  to  the  formation  of  a  hypothetical  compound  of  iron  in  a  higher  valence 
state, whenthe  whole  process  can  be  explained  by  stepwise  reduction  of  permanganate  by  Fe*'’’  ions,  leading  to  for¬ 
mation  of  Mn^^  which  is  also  an  oxidizing  agent  with  respect  to  chloride  ions;  the  addition  of  Mi^^  ions  lowers  the 
oxidation  potential  of  Mn®^  to  such  an  extent  that  oxidation  of  chloride  ions  does  not  occur.  Schleicher  in  some 
interesting  papers  which  appeared  during  1955  and  1958  [5,  6]  develops  some  ideas  which  coincide  almost  com¬ 
pletely  with  N.  A.  Shilov's  hypothesis  (Schleicher  does  not,  however,  refer  to  Shilov's  work).  Schleicher's  ideas  are 
almost  purely  physical  in  character,  and  he  compares  the  induction  of  a  chemical  reaction  with  the  phenomena  of 
selfinduction  and  induction  which  occur  in  the  first  order  reactions.  Schleicher  emphasizes  that,  from  a  chemical 
point  of  view,  the  phenomenon  of  selfinduction  is  a  disproportionating  phenomenon,  and  that  during  redox  reactions 
magnetic  fields  are  formed  whose  intensity  is  determined  by  the  number  of  electrons  participating  in  the  process; 
the  existence  of  these  fields  and  the  increase  in  their  Intensity  which  occurs  on  Introducing  an  additional  noninhibited 
electron  process  determines  the  course  of  the  whole  redox  process.  In  the  given  instance,  the  role  of  the  additional 
agent  is  played,  according  to  Schleicher,  by  the  Mn^^  ion  which  is  formed  reversibly  from  Mr?"*"  ions  and  participates 
in  the  oxidation  of  the  iron.  Since  each  permanganate  ion  gives,  in  the  final  count,  only  one  Mi^^  ion,  then  in  order 
for  the  oxidation  of  iron  to  proceed  sufficiently  rapidly,  a  sufficient  amount  ofMr^^  ions  must  accumulate,  or  they 
must  be  added  specially,  this  being  the  case  when  Z.R.  mixture  is  added.  Schleicher  considers  that  the  potential  of 
the  system  Mn*‘'’/Mr^^  is  less  positive  than  the  potential  of  the  system  MnO"/Mr^^,  but  close  to  it,  accordingly  oxi¬ 
dation  of  chloride  ions  does  not  occur,  and  oxidation  of  iron  is  not  hindered. 
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Papers  were  published  by  Japanese  workers  in  1959  [7].  It  is  difficult  to  judge  whether  these  authors  were  aware 
of  N.  A.  Shilov’s  work  but  they  advance  ideas  exactly  similar  to  those  of  N.  A.  Shilov,  i.e,,  formation  of  an  active 
agent  from  the  actor.  The  Japanese  workers  have  introduced  a  new  term  "inductive  actor"  and  are  of  the  opinion 
that  in  the  system  MnO^  -  Fe  -  HCl,  these  actors  are  ions  of  sexi-  and  quinquevalent  manganese  which  oxidize  the 
chloride  ion  to  CIO";  the  ions  introduced  with  the  Z.R.  mixture  lead  to  rapid  disappearance  of  these  ions  as  a 
result  of  their  reduction  to  Mn^'^  and 

In  1954  Schaefer  published  a  paper  [8]  on  experiments  which  he  carried  out  to  demonstrate  the  effect  of  Fe*'*' 
and  on  oxidation  of  chloride  ions  by  permanganate.  His  apparatus  consisted  of  two  flasks  connected  in  series 
with  each  other;  one  of  these  flasks  contained  a  solution  of  permanganate  in  hydrochloric  acid,  while  the  other  con¬ 
tained  a  solution  of  potassium  iodide  and  starch.  When  a  stream  of  nitrogen  was  passed  through  the  first  flask,  the 
solution  in  the  second  flask  remained  colorless;  accordingly,  the  permanganate  did  not  oxidize  chloride  ions.  When 
a  small  amount  of  Fe*^  was  added  to  the  contents  of  the  first  flask,  within  10  min,  the  solution  in  the  second  flask 
acquired  a  blue  color.  When,  in  addition  to  Fe^'*',  Mii?^  was  also  added  to  the  contents  of  the  first  flask,  the  solution 
in  the  second  flask  did  not  turn  blue;  this  indicated  that  in  the  presence  of  Mr?^,  chloride  ions  are  not  oxidized  by 
permanganate.  Schafer  makes  the  Important  point  that  when  the  hydrochloric  acid  concentration  is  greater  than  0.5 
N,  direct  reaction  between  permanganate  and  chloride  ions  proceeds  even  in  the  absence  of  Fe*^  ions. 

In  order  to  study  the  reaction  between  permanganate  and  iron  we  adopted  an  amperometric  method,"  using 
the  usual  setup  with  a  rotating  platinum  electrode  and  a  mercury-iodide  reference  electrode  [9];  the  potential  values 
given  below  are  referred  to  this  reference  electrode  (the  potential  of  the  mercury— iodide  electrode  is  +0.02  v). 

First  we  "titrated"  the  supporting  electrolytes  with  permanganate  solution  (0.05  N)  at  a  potential  of  +0.7  v, 
which  corresponds  to  the  region  for  the  diffusion  current  of  the  reduction  of  permanganate  [9].  Such  a  technique 
makes  it  possible  to  assess  whether  any  reaction  occurs  between  permanganate  and  the  solution  to  which  it  is  added. 

The  curves  obtained  are  shown  in  Fig.  1;  curve  1  shows  that  as  the  permanganate  concentration  increases  In  the  sup¬ 
porting  electrolyte  of  sulfuric  acid,  the  current  increases  linearly  (equation  id  =  KC);  this  indicates  that  there  is  no 
chemical  Interaction  between  permanganate  and  the  supporting  electrolyte.  Curve  2  (Fig.  1)  was  obtained  for  the 

same  sulfuric  acid  supporting  electrolyte,  but  with  addition  of  hydrochloric  acid. 

In  this  case  the  cunent  increases  somewhat  more  slowly  and  deviates  from  the 
straight  line  id  =  KC.  This  is  explained  by  an  interaction  between  permanga¬ 
nate  and  hydroehlorlc  acid,  which  increases  with  increasing  permanganate  con¬ 
centration.  As  pointed  out  above, Schaefer[8]  has  shown  that  direct  (not  in¬ 
duced)  Interaction  of  permanganate  with  hydrochloric  acid  is  observed  even  in 
the  absence  of  Fe^"*"  ions  when  the  hydrochloric  acid  concentration  exceeds  0.5 
N  (in  our  experiments  the  hydrochloric  acid  concentration  was  about  1.5  N, 
while  the  total  acidity  of  the  solution  was  about  5  N). 

We  then  titrated  solutions  of  sulfuric  acid  and  mixtures  of  sulfuric  and 
hydrochloric  acids  to  which  were  added  a  small  amount  of  manganese  sulfate 
(eurves  3  and  4,  Fig.  2).  During  these  titrations,  the  current  which  Increased 
immediately  on  adding  each  portion  of  permanganate,  decreased  with  time, 
and  reached  a  constant  value  after  30-60  sec  (in  order  to  avoid  making  the 
diagram  too  complicated,  we  have  only  given  the  stable  current  values).  The 
eomparatively  slow  rate  at  which  the  eurrent  is  established  Indicates  a  slow  re¬ 
action  between  permanganate  and  ions.  Shilov  has  already  remarked  on 
this  point  [2].  The  solution  acquires  a  reddish  tinge  charaeterlstlc  of  Mn^'*’  ions. 
The  fact  that  the  current  does  not  drop  to  zero  but  has  a  definite  final  value, 
indicates  that  the  product  of  the  reaction  described  is  capable  of  being  reduced 
on  a  platinum  electrode  at  the  potential  of  +0.7  v  at  which  titration  is  carried 
out.  Since  both  curves  almost  coincide  (curves  3  and  4,  Fig.  1),  it  is  obvious 
that  in  both  cases  —  with  and  without  hydrochloric  acid  —  the  same  process  occurs, 
i.e.,  oxidation  of  Mr?'*'  ions  by  permanganate  to  Mn^'*’. 

We  should  like  to  point  out  that  Selim  and  Llngane  [10]  have  described  a  method  for  producing  Mn^^  ions  by 
direct  titration  of  divalent  manganese  with  permanganate  in  a  sulfuric  acid  medium;  Mn^“  +  4Mrf  -►  5  Mn^^;  for- 
tnation  of  Mn®"'’  was  established  on  the  basis  of  a  spectrophotometric  study  of  the  solutions. 

‘'M.  R.  Dausheva  who  carried  out  all  the  control  tests  on  titration  and  polarographic  determination  helped  us 
considerably  in  the  experimental  work. 


Fig.  1.  Titration  of  support¬ 
ing  electrolytes  with  perman¬ 
ganate  at  0.7  V.  1)  Sulfuric 
acid;  2)  sulfuric  acid  +  hydro¬ 
chloric  acid;  3)  sulfuric  acid  + 
+  manganese  sulfate;  4)  sul¬ 
furic  acid  +  hydrochloric  acid  + 
+  manganese  sulfate;  5)  Z.R. 
mixture  +  hydroehlorlc  acid. 
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Figure  1  also  includes  a  titration  curve  of  Z.R.  mixture  with  permanganate  (curve  5);  in  this  case  again  the 
current  is  not  established  immediately;  fairly  stable  values  are  obtained  for  the  current  after  20-30  sec,  these  values 
being  strictly  proportional  to  the  amount  of  permanganate  added.  The  solution  acquires  a  cherry-red  color. 

Divalent  iron  (Mohr's  salt)  was  then  titrated  with  permanganate  in  the  same  supporting  electrolytes.  As  Fig.  2 
shows,  titration  in  a  sulfuric  acid  supporting  electrolyte  (curve  1)  proceeds  without  any  complications;  after  the  end 
point,  the  solution  has  the  rose-violet  color  characteristic  of  permanganate.  When  hydrochloric  acid  is  present  (curve 

2)  the  titration  curve  is  •saw-toothed"  in  shape— after  addi¬ 
tion  of  each  portion  of  permanganate  the  current  first  increases 
and  then  rapidly  drops,  while  the  permanganate  color  disappears 
and  a  chlorine  odor  is  observed.  It  is  quite  obvious  that  under 
such  conditions  visual  determination  of  the  end  point  is  im¬ 
possible.  The  interaction  between  permanganate  and  hydro¬ 
chloric  acid,  as  pointed  out  already,  is  observable  even  in  the 
absence  of  iron;  in  the  presence  of  the  latter  the  reaction  pro¬ 
ceeds  more  intensely  because  of  the  Mn®^  ions  formed  from 
Mi^'^  ions  which  appear  in  solution  as  a  result  of  the  oxida¬ 
tion  of  the  first  portions  of  Fe^^  by  permanganate.  The  upper 
points  on  curve  2  (Fig.  2)  are  plotted  approximately,  since  it 
was  impossible  to  fix  their  positions  accurately;  the  current 
drops  very  rapidly  to  reach  a  low  constant  value  which  in¬ 
creases  slightly  as  titration  proceeds.  This  current  is  deter¬ 
mined  by  electrode  reduction  of  the  free  chlorine  which  gradu¬ 
ally  accumulates  in  the  solution. 

When  manganese  sulfate  (curve  3)  or  Z.R.  mixture  (curve 
4)  is  added  to  the  hydrochloric  acid  solution  of  Mohr's  salt 
being  titrated,  titration  proceeds  completely  normally.  The 
only  difference  between  the  curves  obtained  in  this  case  and 
when  pure  sulfuric  acid  is  used  as  the  supporting  electrolyte 
is  the  lower  value  of  the  current  after  the  end  point  —  just  as 
in  the  case  of  curve  5,  Fig.  1.  When  only  manganese  sulfate 
is  present,  the  solution  acquires  an  orange-red  shade,  while  in  the  presence  of  Z.R.  mixture  it  is  cherry-red  in  color. 

As  long  ago  as  1905,  Shilov  pointed  out  that  the  first  product  from  the  reduction  of  permanganate  is  manganese  oxide 
Mn203,  which  gives  a  very  stable  red  colored  solution  with  complexing  agents.  In  our  case,  working  with  Z.R.  mix¬ 
ture,  phosphoric  acid  plays  this  part.  The  complex  compounds  of  Mn^^  with  phosphoric  and  pyrophosphoric  acids 
have  been  described  several  times  in  the  literature  [3,  11,  12],  Formation  of  the  phosphate  complex  of  Mn*^  also 
explains  the  drop  in  the  current  which  we  observed  after  the  end  point  (compared  with  the  current  in  the  absence  of 
Z.R,  mixture);  this  is  obvious  when  a  comparison  is  made  of  the  polarograms  of  permanganate  in  a  supporting  elec¬ 
trolyte  of  sulfuric  acid  (curve  1,  Fig.  3)  and  in  a  supporting  electrolyte  of  Z.R.  mixture  (curve  2).  According  to 
Belcher  and  West's  results  [13]  the  potential  of  the  pyrophosphate  complex  of  Mn^"*^  (for  equimolar  ratios  of  Mi^'*’  and 
Mn^^)  is  +1.22  V,  consequently  Mn^"*"  ions  in  the  presence  of  phosphate  cannot  be  an  oxidizing  agent  for  chloride  ions. 

Naturally,  hydrochloric  acid  modifies  the  shape  of  the  permanganate  polarogram  in  the  presence  of  Z.R.  mix¬ 
ture,  since  the  anodic  current  for  the  oxidation  of  chloride  ions  (curve  3,  Fig.  3)  appears,  but  even  in  this  case  oxida¬ 
tion  of  chloride  ions  by  trivalent  manganese  is  excluded;  this  is  clear  from  a  comparison  of  the  potentials  at  which 
the  curves  intersect  the  abscissa  in  Fig.  3. 

Earlier  we  were  able  to  show  that  the  reaction  rate  between  permanganate  and  Fe*^  ions  is  greater  than  that 
between  permanganate  and  Mi^^  lc«s  [12],  Shilov  and  other  workers  [lb]  have  remarked  on  the  relative  slowness  of 
this  reaction  in  acid  media.  Since  in  our  case  the  acidity  of  the  solution  was  fairly  high  (about  5  N),  it  is  only  nat¬ 
ural  to  postulate  that  oxidation  of  Fe*"*"  occurs  first.  But,  even  if  it  is  assumed  that  the  reaction  Mn^^^  +  4Mr?^-* 
-•5Mn*^  proceeds  simultaneously  with  oxidation  of  iron,  it  still  does  not  alter  the  position  and  is  not  reflected  in  the 
titration  results,  since  the  Mn®^  formed  is  immediately  reduced  by  Fe^^  ions,  i.e.,  the  process  postulated  by  Schleicher 
occurs  [5,  6], 

It  is  usually  accepted  that  the  end  point  of  titration  of  divalent  iron  by  the  Z.R.  method  coincides  with  the 
appearance  of  the  red-violet  color  of  permanganate.  In  actual  fact  it  is  the  cherry-red  color  of  the  phosphate 


Fig,  2.  Titration  of  divalent  iron  in  different  sup¬ 
porting  electrolytes,  1)  Sulfuric  acid;  2)  sulfuric 
acid  +  hydrochloric  acid;  3)  sulfuric  acid  +  hydro¬ 
chloric  acid  +  manganese  sulfate;  4)  Z.R.  mix¬ 
ture  +  hydrochloric  acid. 
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complex  of  which  serves  as  an  indicator  of  the  end  point.  This  is  a  fact  which  can  be  readily  established  even 
by  a  visual  comparison  of  the  color  obtained  during  such  a  titration,  with  the  color  of  a  permanganate  solution  of  the 
same  concentration.  The  high  results  which  are  obtained  when  the  usual  visual  method  is  used,  and  which  are  re¬ 
ferred  to  in  textbooks  on  quantitative  analysis  [15],  ate  explained,  not  by  the  fact  that  the  "oxidation  products  (i.e., 
chlorine  or  hypochlorous  acid)  react  incompletely  with  divalent  iron"  [14],  but  by  the  fact  that  the  color  of  Mn®"’’  is 
considerably  less  intense  than  the  color  of  permanganate,  so  that  titration  is  carried  on  to  a  further  stage  than  is 
necessary  until  the  solution  has  a  clearly  defined  color.  The  slow  titration  recommended  in  textbooks  [15]  finds  an 
explanation  in  the  slowness  of  the  reaction  between  and  permanganate  mentioned  above.  Using  an  ampero- 
metric  method,  however,  it  is  also  possible  to  titrate  iron  in  a  hydrochloric  acid  medium  with  reasonable  accuracy, 
not  only  in  the  presence  of  Z.R.  mixture,  but  even  in  its  absence,  since  the  end  point  is  determined  very  sharply  in 
this  case  too. 


Cathode 


Fig.  3.  Polarograms  (on  a  platinum 
electrode).  1)  Permanganate  in  a 
sulfuric  acid  supporting  electrolyte; 
2)  permanganate  in  a  supporting 
electrolyte  of  Z.R.  mixture;  3)  per¬ 
manganate  in  a  supporting  electro¬ 
lyte  consisting  of  Z.R.  mixture  and 
hydrochloric  acid.  The  perman¬ 
ganate  content  was  the  same  in  all 
cases  —0.6  ml  of  0.05  N  perman¬ 
ganate  in  20  ml. 


Cathode 


Fig.  4.  Polarograms  taken  during  titra¬ 
tion  of  iron  with  permanganate.  1,2) 
Before  the  end  point:  1)  in  a  support¬ 
ing  electrolyte  of  sulfuric  and  hydro¬ 
chloric  acids;  2)  in  a  supporting  elec¬ 
trolyte  of  Z.R.  mixture  and  hydrochlo¬ 
ric  acid;  la  and  2a)  in  the  same  solu¬ 
tions  after  the  end  point  in  the  pres¬ 
ence  of  excess  permanganate  (0.2  ml 
of  0.05  N  permanganate);  3)  chlorine 
water  +  Fe  in  a  supporting  electrolyte 
of  sulfuric  acid. 


The  amperometric  method,  in  contrast  to  the  usual  method,  allows  one  to  follow  the  processes  which  occur 
in  solution  during  titration,  and  which  are  reflected  in  the  behavior  of  the  indicator  electrode,  (when  an  appropriate 
potential  is  chosen  for  the  latter).  In  our  case  in  order  to  assess  the  changes  which  occur  in  the  composition  of  the 
solution  during  titration,  we  took  current  —  voltage  curves  (polarograms)  during  titration.  The  polarograms  obtained 
are  shown  in  Fig.  4;  curves  1  and  2  were  taken  shortly  before  the  end  point  (when  the  solution  had  been  titrated  to 
the  extent  of  about  90<7e);  at  a  potential  of  +0.7  v,  on  these  curves,  one  of  which  corresponds  to  a  solution  containing 
sulfuric  and  hydrochloric  acids,  while  the  second  corresponds  to  a  solution  of  hydrochloric  acid  and  Z.R.  mixture, 
there  is  observed  only  an  insignificant  cunent  corresponding  to  the  incipient  reduction  of  Fe^^,  formed  from  Fe*'*’ 
during  oxidation  of  the  latter,;  Curves  la  and  2a  correspond  to  curves  1  and  2,  but  taken  after  the  end  point,  with 
0.2  ml  of  0.05  N  permanganate  solution  present  in  excess.  In  the  case  of  curve  la,  the  solution  obtained  after  the 
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end  point  acquires  a  yellow  color  (Fe*^  In  a  hydrochloric  acid  medium),  the  odor  of  chlorine  is  detectable,  and  the 
shape  of  the  polarogram  Indicates  reduction  of  chloride,  followed  by  reduction  of  Fe^  (at  a  potential  of  +0,7  v  only 
reduction  of  chloride  occurs).  Curve  la  almost  coincides  with  curve  3  on  the  same  figure.  Fig.  4,  which  was  taken 
specially  for  comparison  in  a  sulfuric  acid  solution  of  chlorine  water  containing  Fe*'*’.  In  the  case  of  curve  2a,  the 
solution  has  a  cherry-red  color,  while  the  shape  of  the  curve  coincides  with  the  polarogram  for  permanganate  in  a 
supporting  electrolyte  of  hydrochloric  acid  and  Z.R,  mixture  shown  In  Fig.  3  (curve  2). 

Titration  curves  of  different  shape  can  be  obtained  by  choosing  another  potential  for  the  indicator  electrode. 

A  comparison  of  our  results  with  published  data  leads  to  the  following  conclusions;  the  first  titration  stage  — 
from  the  beginning  of  titration  to  the  end  point  —  proceeds  in  the  same  way  both  in  a  supporting  electrolyte  of  sul¬ 
furic  acid  and  in  a  supporting  electrolyte  of  Z.R,  mixture,  and  consists  in  the  oxidation  of  Fe®^  with  permanganate. 
Comparison  of  the  values  of  the  normal  potentials  of  the  systems  MnO^J/Mn®^  and  (+1.54  and  +0.79  v) 

shows  that  from  an  energy  point  of  view  this  process  is  quite  possible  and  that  there  is  no  need  to  postulate  forma¬ 
tion  of  intermediate  oxides  of  higher  valence.  In  a  supporting  electrolyte  of  hydrochloric  acid,  during  the  first  stage 
of  the  titration,  oxidation  of  Fe®^  by  permanganate  also  occurs,  while  after  the  end  point  oxidation  of  chloride  ions 
by  excess  permanganate  occurs;  during  the  first  stage  of  titration.  In  parallel  with  oxidation  of  iron,  there  also  occurs, 
but  only  to  a  very  small  extent  as  a  side  reaction,  formation  of  free  chlorine,  which  gradually  increases  as  the  end 
point  is  approached.  Proof  of  the  fact  that  this  process  Is  a  side  reaction  is  that  the  titration  end  point  is  very  sharp 
in  this  case  too,  and  coincides  with  the  end  point  in  the  absence  of  hydrochloric  acid.  Presumably,  oxidation  of  chlo- 
ide  ions  during  the  first  stage  of  the  titration  is  effected  by  Mn®^  ions  formed  by  the  oxidation  of  Fe®^  by  permanganate, 
while  after  the  end  point  oxidation  is  effected  directly  by  the  permanganate.  When  Z.R.  mixture  is  present,  i.e.,  in 
the  presence  of  a  large  excess  of  ions,  a  reaction  occurs  between  the  latter  and  permanganate,  and  not  between 
the  chloride  ions  and  permanganate.  This  reaction  leads  to  the  formation  of  Mn®^,  the  stability  of  which  In  the  given 
instance  Is  ensured  by  the  presence  of  phosphoric  acid.  From  an  energy  point  of  view,  the  reaction  between  perman¬ 
ganate  and  Mi^  ions  present  in  large  excess,  and  which,  accordingly  lower  the  potential  of  the  system  Mn®^/Mr?^, 
is  more  efficient  than  the  oxidation  of  the  chloride  ions,  since  the  potential  of  the  system  Mn®^/Mr?‘'’  is  less  positive 
than  the  potential  of  the  system  Cl2/2Cr,  particularly  in  the  presence  of  phosphate  which  complexes  the  Mn®'*’  ion. 

SUMMA  RY 

An  amperometric  method  has  been  used  for  studying  titration  of  divalent  iron  with  permanganate  in  sulfuric, 
and  hydrochloric  acid  solutions  and  in  hydrochloric  acid  solutions  containing  Zimmerman-Reinhardt  mixture. 

It  has  been  shown  that  In  all  three  supporting  electrolytes,  before  the  end  point  is  reached,  titration  of  iron 
with  permanganate  consists  in  the  direct  oxidation  of  Fe®”*"  ions  by  permanganate. 

Normal  visual  titration  is  impossible  in  a  hydrochloric  acid  medium  because  after  the  end  point  the  chloride 
ions  start  to  react  with  permanganate  and  lead  to  decolorization  of  the  solution. 

Addition  of  Zimmerman-Reinhardt  mixture  eliminates  this  phenomenon,  since  in  this  case  the  permanganate 
oxidizes  the  ions  and  not  the  Cl”  ions;  the  Mn®^  formed  which  is  complexed  by  phosphate  Is  responsible  for 
the  stable  cherry-red  color  of  the  solution,  this  color  serving  as  an  indicator  during  visual  titration. 

It  has  been  shown  that  by  using  an  amperometric  method  it  is  possible  to  titrate  iron  with  permanganate  in  a 
hydrochloric  acid  medium  without  adding  Zimmerman-Reinhardt  mixture. 
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The  solubility  of  ethylenedlaminetetracetic  acid  (EDTA)*  has  been  determined  by  a  number  of  research  workers 
[1-5].  The  solubility  product  has,  however,  not  hitherto  been  calculated.  Using  published  data  on  the  solubility  of 
EDTA  we  have  calculated  Zgoi,  EDTA* 

Klygin,  Smirnova,  and  Nikol'skaya  [4]  have  established  the  relationship  between  the  solubility  of  EDTA  and 
pH  at  25“.  They  concluded  that  a  cation  of  the  ammonium  type  H«Y*^  exists,  and  calculated  its  dissociation  con¬ 
stant,  They  did  not  take  into  account,  however,  the  possibility  of  successive  addition  of  protons  to  the  EDTA  molec¬ 
ule,  and  the  presence  of  its  dissociation  product  (H3Y”).  We  have  taken  these  factors  into  account  in  our  calcula¬ 
tions.  We  used  the  data  on  the  solubility  of  EDTA  in  hydrochloric  acid  solutions  for  our  calculations  ([4]  table). 

At  pH  <  2,  the  concentration  of  HjY*",  HY®",  and  Y*”  is  negligible  and  can  be  ignored.  One  must,  however, 
take  into  account  possible  addition  compounds  formed  by  addition  of  protons  to  the  EDTA  molecule.  Tillotson  and 
Stavely  [6]  who  calculated  the  dissociation  constant  of  the  ion  HsY^,  were  the  first  to  point  out  the  existence  of  such 
cations  in  solution.  They  also  assumed  formation  of  a  HgY*^  ion,  but  were  unable  to  prove  this  experimentally. 
Klygin  [4],  as  indicated  above,  denies  the  existence  of  the  HsY'*'  ion,  and  states  that  two  hydrogen  ions  add  on  simul¬ 
taneously  to  the  amino  groups  in  EDTA.  Palei  and  Udal'tsova  [5]  also  postulate  formation  of  the  HgY*^  ion  in  solu¬ 
tion.  In  addition,  these  authors  isolated  from  strongly  acid  (3  N  HCl)  solutions  of  EDTA,  a  sparingly  soluble  com- 
jx)und  [H6Y]Cl2  or  H4Y*2HC1  (and  the  analogous  sulfate  of  EDTA).  We  did  not  take  the  possibility  of  the  formation 
of  such  compounds  into  account  in  our  calculations,  since  we  used  solubility  values  obtained  at  fairly  high  pH  values 
(>  0.8). 

Taking  what  has  been  said  above  into  account,  the  solubility  of  EDTA  is  equal  to 

S  =  S  (1) 

/=*3 


The  concentrations  of  the  individual  ionic  (and  molecular)  forms  of  EDTA  are  equal  to: 


[H3Y-] 

IH4Y«1 

IH.Y^I 

lHeY*^l 


(HT  |Y*-| 
IH^IMY*-] 

kikik^k^  ’ 

^00^0^1^2^3^4' 


where  k^,  k2,  k3,  and  are  the  respjective  dissociation  constants  of  EDTA  and 


IH^I  [H4YI 
[HM  [HsY^I 


(2) 


(3) 


Designated  as  H4Y. 


The  solubility  of  EDTA  Is  determined  by  the  formula 


Lp  =  (HTIYM.  (4) 

From  relations  (1),  (2),  and  (4)  by  algebraic  transformation  we  obtain: 


Fig.  1.  Graphical  determination  Fig.  2.  Graphical  determination  of  Bj.  1)  AHf 

of  Bq.  per  AH;  2)  'kj. 


Designating  [H^]  by  H  and  S  ’[H^]  by  ♦  and  introducing  the  appropriate  designations  for  the  coefficients  in 
front  of  [fT*l,  equation  (5)  can  be  represented  in  the  form 

ij)  =  Bq  Bi‘H  |-  B<i'B^  -f-  B^’H^.  (6) 

We  determined  the  coefficients  of  this  equation  graphically.  Figure  1  shows  the  curve  relating  ♦  and  H.  By 
extrapolating  the  curve  to  zero  hydrogen  ion  concentration  we  obtained  the  value  of  Bj,: 

We  used  the  values  of  the  dissociation  constants  of  EDTA  determined  by  Schwarzenbach  at  20“  [7]  for  calcu¬ 
lating  the  value  of  Errors  arising  from  temperature  differences  were  not  taken  into  account  in  view  of  the  large 
errors  arising  from  the  inconstancy  of  the  ionic  strength  in  the  experiments  used. 

From  (6)  we  find  that 

=  +  +  TO 

The  curve  A^/  AH  —  H  is  shown  in  Fig.  2  (curve  1),  where  H  designates  the  mean  point  of  the  range  for  which 
the  slope  A'l'/AH  is  calculated. 

=  1,8- 10-^ 

We  also  determined  Bj  by  extrapolating  the  function 

^,  =  ^^=B,  +  B,-H+BylB.  (8) 

to  H  =  O  (Fig.  2,  curve  2):  -*  Bj  =  1.8  •  10“^. 
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From  which 


Lsol-M2M4-fli=-  1,45- 10-2" 


The  same  value  of  Lgoi  was  obtained  as  that  derived  from  Bg.  Next  the  following  function  was  plotted  (Fig,  3) 


Bs. 


<|),  =  =  02  +  e,.H. 

H  — 0,  =  3.2- 10-’. 


The  fact  that  Bg  differs  from  zero  indicates  the  existence  of 
a  cation  of  the  ammonium  type  HsY'*',  We  calculated  the  value  of 
k(,  from  the  value  found  for  Bgt 


kn  — 


Lsol 


=  5,6- 10-2,  ^  1  25. 


Tillotson  and  Stavely  [5]  found  pkg  =  1,55  i  0,13  for  20*  at 

fi  =  0,1. 

It  follows  from  (9)  that: 


The  slope  of  the  straight  line  in  Fig,  3  differs  from  zero.  Accordingly,  the  cation  HgY*^  exists.  The  slope  was 


found  to  be  equal  to  Bg  =  1.4.10"*.  From  which 

k  -  -^sol 
'"“0  kokik^ksk^Bs 


=  2,2- 10"*,  pkoo  —  0,66. 


The  total  dissociation  constant  of  a  cation  of  the  ammonium  type  HjY*'’’  is  given  by 


A'  = 


lHaY^+) 


=  Moo  =  1.23- 10-. 


This  value  was  found  to  be  in  agreement  with  that  calculated  by  Klygin,  Smirnova,  and  Nikol'skaya  [4],  These 
authors,  however,  did  not  take  into  account  the  existence  of  the  HgY''’  ion([4],  equation (4)].  Obviously,  the  concen¬ 
tration  of  undissociated  molecules  which  they  calculated  [HjY]  =  3,56  •10'^,  was  greater  than  the  solubility  of  EDTA 
for  a  series  of  pH  values. 

It  is  interesting  to  compare  the  calculated  value  of  Ljqj^  EDTA  calculated  on  the  basis  of  the  results 

of  Mechelynck  and  Schietakatte  [1],  These  results,  presumably,  relate  to  room  temperature.  The  solubility  of  EDTA 
was  determined  over  the  pH  range  1,13-7,32. 

In  our  calculations  we  took  into  account  all  possible  fragments  of  EDTA,  apart  from  Y*”,  An  equation  simi¬ 
lar  to  equatioh  (5)  was  derived,  LjqI  eDTA  calculated  for  each  pH  value,  by  means  of  this  equation. 

It  is  clear  from  the  table  that  the  calculated  values  of  Lggi  are  constant  over  the  pH  range  1.13-4.67.  At  pH 
6,12  and  7.32,  obviously  low  values  of  Lgoi  were  obtained  (three  and  six  orders  lower  respectively).  This  apparently 
indicates  changes  in  the  composition  of  the  precipitate. 

The  mean  geometrical  value  [8]  of  the  calculated  values  of  is  equal  to  4.0  •10“*®,  This  value  is  less  than 
the  value  obtained  for  Lgoi  on  using  the  results  of  Klygin  et  al.  The  deviations  are  obviously  the  result  of  difference 
in  temperature. 

It  Is  impossible  to  calculate  the  values  of  eDTA  results  given  by  the  Japanese  workers 

[2,  3]  and  by  Palei  and  Udat'tsova  [5]  since  these  authors  did  not  measure  the  pH  of  the  solution. 
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Calculations  of  ^DTA  Mechelynck  and  Schle- 

takatte’s  Results 


pH 

S.  M 

1.13 

3.07*10"* 

6.5* 

1.97 

1.73*10'* 

5.6* 

2.86 

7.18*10"* 

3.0 

3.31 

3.33*10"® 

2.4 

3.80 

3.90*10"* 

3.4 

4.11 

3.46*10"* 

5.5 

4.67 

1.87 

3.2 

6.12 

1.81 

2.1*10"®** 

7.32 

2.42 

1.4*10"*** 

Mean 

4.0 

•  pk()  =  1.55  was  used  in  the  calculations  [7],  The  presence  of 

was  not  taken  into  account. 

•  ‘Not  taken  into  account  when  the  mean  value  was  determined. 

SUMMARY 

Using  published  data  on  the  solubility  of  ethylenediamlnetetracetic  acid,  the  value  of  the  solubility  product 
of  this  acid  has  been  determined.  At  25®  Ljqj  =  1.45*10"*®. 

Calculations  have  demonstrated  the  existence  of  two  products  which  are  formed  by  the  successive  addition  of 
protons  to  the  EDTA  molecule,  they  are  HgY^  and  HgY*^.  Their  dissociation  constants  have  been  calculated  (at  25®); 
they  were  found  to  be  equal  to  plq,  =  1.25  and  pl<<,o  =  0.66  respectively. 
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In  previous  papers  [1,  2]  we  discussed  the  reasons  for  the  displacement  of  the  calibration  curve,  and  arrived  at 
a  formula  on  the  assumption  that  the  terms  in  the  equation,  which  include  the  degree  of  ionization  of  the  atoms  x 
and  x’  of  the  test  and  main  element  respectively,  act  in  opposite  directions  for  atomic  and  ionic  pairs  of  lines.  Such 
an  assumption,  as  will  become  evident  from  what  follows,  proved  to  be  erroneous.  Using  Sach's  formula  and  Unzold’s 
nomogram  [3],  it  is  possible  to  determine  approximately  the  relationship  between  th^  values  of  log  (xn/x’n),  log 
(1— Xp/l— x’jj)  and  the  plasma  temperature  for  tin  which  has  an  ionization  energy  of  €  =  7.33  ev  (impurity)  and  copper 
with  €  *  =  7.72  ev  (the  main  element),  which  are  shown  in  Fig.  1.  When  copper  is  the  impurity  element  and  tin  the 
main  element,  then  the  curves  for  the  values  of  log  (x^/Xp)  and  log  (1— Xn/l— x'n)  change  places  like  a  mirror  image 
relative  to  the  abscissa.  The  extent  of  the  two-fold  ionization  of  the  atoms  must  be  taken  into  account  at  the  tem¬ 
perature  of  the  plasDia  spark,  and  this  was  not  done  in  the  given  instance. 

As  Fig,  1  shows,  the  relative  content  of  tin  and  copper  ions  increases  with  decreasing  plasma  temperature.  At 
the  same  time  the  relative  content  of  their  neutral  atoms  also  increases.  Accordingly,  there  is  no  basis  for  chang¬ 
ing  the  sign  in  the  equation  before  the  term  [1],  It  is  also  clear  from  the  diagram  that  at  low  temperatures  the  value 
of 


'g 


(1) 


is  less  than  the  experimental  enor  A  S=  ±  0.02.  For  example,  on  dropping  the  plasma  temperature  from  6000  to 
5000*  in  the  case  of  the  elements  Ca— Cu  this  difference  is  0.008,  while  on  dropping  die  temperature  from  7000  to 
6000“  for  Cr— Cu  the  difference  is  0.016.  Accordingly,  the  difference  (1)  can  be  excluded  from  consideration  during 
a  discussion  of  the  results  obtained  by  means  of  an  arc  discharge  in  the  case  of  nonalkali  metals.  In  such  a  case, 
the  formulas  for  the  fractional  displacements  of  the  curves  assume  the  following  forms: 

1)  Because  of  changes  in  the  value  of  the  exponential  function 


1  1  kibS'^-bS"^} 

„  To  0,43.'r(|  A£'  +  A£')- 

2)  Because  of  changes  in  the  relative  content  of  the  ions 


Ig 


(A£' —  A£“)  (AS),— os’ 
T  (  I  A£'  I  -I-  A£') 


(2) 


(3) 


3)  As  a  result  of  changes  in  the  relative  rate  of  evaporation  of  the  elements  being  compared  and  their  diffusion 
in  the  plasma 


^  P„  ^  Po  T  ^ 


A£"  (as;-os;) 

T  (  A£'  +  A£*) 


(4) 
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where  6s",  6sjj  and  are  the  values  of  the  total  displacement  of  the  curve  respectively  for  the  ionic  pairs  of  lines, 
the  atomic  pairs  of  lines  with  AE'  <  0,  and  the  atomic  pairs  of  lines  with  AE"  >  o,  on  dropping  the  plasma  tempera¬ 
ture  from  Tq  to  Tn  (for  details  see  [1,  2]);  AE  is  the  difference  in  the  ex¬ 
citation  energy  of  the  corresponding  pairs  of  lines.  The  fractions  of  the 
displacement  which  can  be  attributed  to  each  cause  have  been  estab¬ 
lished  experimentally,  and  confirm  the  correctness  of  the  theoretical 
conclusions. 

The  extents  to  which  the  curve  is  displaced  as  a  result  of  the  act¬ 
ion  of  the  corresponding  factor  were  established  from  the  experiment¬ 
ally  established  total  displacement  of  the  curve  for  three  pairs  of  lines 
at  a  known  concentration  of  the  test  element  in  standards.  In  practice, 
as  a  rule,  the  reverse  is  met  —  determination  of  the  concentration  of  an 
element  on  the  basis  of  the  relative  intensity  of  the  analytical  pair  of 
lines  emitted,  the  solution  of  which  is  set  forth  in  the  present  article. 
Such  a  problem  can  be  resolved  with  a  reasonable  accuracy  by  using 
calibration  curves,  on  the  condition  that  one  takes  into  account  the 
change  in  the  relative  intensity  of  the  radiation  of  the  analytical  pair 
of  lines  arising  from  a  possible  change  in  the  degree  of  ionization  of 
the  atoms  of  the  element  being  compared,  in  their  relative  evaporation 
rates,  and  in  the  value  of  the  exponential  function  caused  by  changes 
in  the  discharge  conditions. 

As  soon  as  formulas  (2-4)  for  calculating  the  fractional  displace¬ 
ments  of  the  curve  have  been  established  theoretically,  and  their  cor¬ 
rectness  has  been  confirmed  experimentally,  the  problem  jx>sed  can  be 
partially  solved  in  the  following  manner,  in  the  case  of  the  determina¬ 
tion  of  nonalkali  metals  In  an  arc  discharge.  We  represent  the  calibra¬ 
tion  curves  of  the  corresponding  pairs  of  line  one  above  the  other,  pre¬ 
serving  their  experimentally  determined  slopes,  the  values  of  their  dis¬ 
placement,  and  the  arrangement  of  the  points  along  the  abscissa  as  shown  in  Fig.  2,  The  arrangement  of  the  points 
along  the  ordinate  is  arbitrary.  The  differences  in  the  blackening  density  of  the  analytical  pairs  of  lines  are  plotted 
along  the  ordinate,  while  the  logarithm  of  the  relative  concentration  of  the  test  element  is  plotted  along  the  abscissa. 

The  straight  lines  A"  and  A*  represent  calibration  curves  for  the  atomic  pairs  of  lines  of  tin  and  copper  re¬ 
spectively  with  positive  and  negative  AE  values.  They  were  obtained  in  the  absence  of  an  oxide  film  and  under 
conditions  of  weak  reabsorption  of  the  spectral  lines.  The  true  path  of  the  curve  for  the  ionic  pair  of  lines  with  a 
negative  value  of  AE"  is  shown  by  the  dot-dash  line.  Its  slope  is  different  from  the  slopes  of  the  curves  for  the 
atomic  pairs  of  lines.  The  angle  between  them  is  oj.  To  keep  the  whole  thing  in  perspective  we  depict  this  curve 
A"  in  parallel  with  curves  A*  and  A*.  The  continuous  straight  lines  Ag  were  obtained  using  binary  standards,  while 
the  dotted  lines  A^  were  obtained  using  standards  containing  10*70  sodium.  We  shall  denote  the  values  of  the  dis¬ 
placement  of  the  curves  for  the  atomic  pairs  of  lines  with  a  positive  value  of  AE*  by  AJ AJ^  =  BJ Bj\  =  d  S  p/ y  ,  for 
the  atomic  pair  of  lines  with  a  negative  value  of  AE’  by  AJAJj  =  BqB^  =  ^sfi/y  ,  and  for  the  ionic  pair  of  lines  by 
A*A,^  =  C"E"  =  /y  .  The  points  AJ,  AJ,  and  A"  ate  the  values  of  the  relative  Intensity  of  the  corresponding 
analytical  pairs  of  lines  for  a  certain  tin  concentration.  They  lie  on  the  curves  constructed  on  the  basis  of  standards 
of  a  binary  composition.  Addition  of  10<7o  sodium  to  the  standards  leads  to  an  increase  in  the  relative  intensity  of 
the  pairs  of  lines,  despite  the  fact  that  the  relative  content  of  tin  and  copper  remains  the  same. 

The  relative  intensities  of  the  analytical  pairs  of  lines  for  samples  containing  sodium  are  denoted  by  AJJ,  AJj 
and  A".  They  lie  on  the  curves  constructed  on  the  basis  of  standards  containing  10<7o  sodium.  Were  these  values 
of  the  relative  intensity  of  the  pairs  of  lines  plotted  on  the  curves  obtained  with  binary  standards,  then  points  Bf , 

BJ,  and  D  or  B"  would  correspond  to  them.  Determination  of  the  concentration  of  tin  in  a  sample  on  the  basis  of 
these  points  would  lead  to  different  results  for  different  pairs  of  lines. 

As  Fig.  2  shows,  the  concentration  of  the  elements  fotind  in  a  sample  proves  to  have  different  values  and  is 
high,  and  it  becomes  higher  on  switching  from  the  curve  for  the  atomic  pair  of  lines  with  AE"  >  0  to  the  curve 
for  the  atomic  pair  of  lines  with  AE’  <  0,  and  to  the  curve  for  the  ionic  pair  of  lines.  It  is  also  clear  from  the 


•ogf 


Fig.  1.  Curves  for  the  relationships  be¬ 
tween  relative  content  of  A)  Ions,  log 
(Xn/x’jj)  and  B)  neutral  atoms  Sn— Cu, 
log  (l—Xjj/l~x’n)  and  plasma  tempera¬ 
ture. 
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diagram  that  the  apparent  Increase  In  concentration  of  the  element  being  determined,  when  it  is  determined  by  the 
curves  for  different  pairs  of  lines,  points  to  an  increase  in  the  relative  intensity  of  the  emission  of  these  pairs  of  lines 

or  to  a  displacement  of  their  calibration  curves  upwards  on  adding  sodium  to 
a  sample. 

In  the  case  under  consideration  the  relative  intensity  of  the  spectral  lines 
increases  on  adding  sodium  to  a  sample,  both  as  a  result  of  an  increase  in  the 
content  of  the  tin  being  determined  (a)  relative  to  copper  (B)  the  main  ele¬ 
ment  in  the  plasma,  and  as  a  result  of  an  increase  in  the  relative  content  of 
their  ions.  Addition  of  sodium  to  a  tin-chromium  sample,  made  from  the  re¬ 
spective  chlorides,  leads,  on  the  other  hand  to  a  decrease  in  the  content  of 
the  test  tin  (a)  relative  to  the  main  element  chromium  (8)  in  the  plasma, 
and  leads  to  a  decrease  in  the  relative  content  of  their  ions,  as  a  result  of  which 
the  relative  intensity  of  the  pairs  of  lines  decreases.  In  such  a  case  the  con¬ 
centration,  determined  on  the  basis  of  the  relative  Intensities  of  the  lines,  and 
on  the  basis  of  the  curves  of  binary  standards,  proved  to  be  low.  Accordingly, 
it  is  possible,  to  estafblish  accurately,  on  the  basis  of  the  increase  or  decrease 
in  the  concentration  of  an  element,  which  is  observed  on  switching  from  the 
curves  of  one  pair  of  atomic  lines  to  the  curve  for  another  pair  of  atomic  or 
ionic  lines,  whether  the  relative  intensity  of  the  corresponding  pairs  of  lines 
increases  or  decreases  as  the  result  of  changes  in  the  content  of  the  ternary 
components  in  the  sample,  or  in  the  discharge  conditions.  If  it  is  possible 
thereby  to  determine  the  amount  by  which  the  relative  intensity  of  the  ana¬ 
lytical  pairs  of  lines  changes  as  a  result  of  third  component  effects,  or  as  a 
result  of  changes  in  the  discharge  conditions,  it  should  be  possible  to  develop 
a  method  for  determining  the  contents  of  elements  in  any  samples  on  the  basis 
of  binary  standards. 


Fig.  2.  Schematic  diagram  of  the 
curves  relating  the  relative  inten¬ 
sity  of  line  pairs  and  the  concen¬ 
tration  of  tin  relative  to  copper 
content:  A*  =  Sn  I  2429  —  Cu  I 
2492  with  AE"  >  0.  A'  -  Sn  I 
2429  -  Cu  I  2766  with  AE*  <  0 
and  A*  -  Sn  II  2246 -Cu  II  2242 
with  AE"*  <  0.  The  continuous 
lines  were  obtai  ned  using  binary 
standards;  the  dotted  lines  were 
obtained  using  standards  contain¬ 
ing  lOo/o  sodium. 


In  order  to  determine  the  amount  by  which  the  relative  intensity  of  the 
analytical  pairs  of  lines  changes  as  the  result  of  these  respective  reasons,  lines 
are  drawn  from  points  BJ,  BJ,  and  B"  parallel  to  the  ordinate  and  abscissa.  As 
a  result,  a  series  of  right  angled  triangles  is  obtained.  Let  us  compare  triangles 
ARBnBJ  and  AfjE’Bji.  On  comparing  them  it  is  evident  that  the  angles  <BoAnBn  = 
=  <  BfiAljE*,  <  An-B;;Bo-  =  <  AfiDBf,,  <  BHBjAfi  =  <  D*b;,a;,  and  sides  Aj^Bj  =  A^Bf,, 
ApBjJ  =  AJjD*  are  equal.  Since  all  the  corresponding  angles  and  the  two  sides  of 
the  triangles  compared  are  equal,  it  follows  that  their  third  sides  are  also  equal, 
viz;  C|jC'  =  BJD*  =  6Sn/V .  Consequently 


B'B'  = 

0  n 


—  i)S. 


(5) 


This  accordingly  gives  a  method  for  determining  the  valueof(6s|j-  )  on  the  basis  of  the  curves  for  binary 

standards.  Having  experimentally  determined  the  numerical  value  of  the  relation  (5),  it  is  possible  by  means  of 
formula  (2)  to  find  the  value  by  which  the  relative  intensity  of  the  respective  pairs  of  lines  changes  when  the  values 
of  the  exponential  function  change  as  a  result  of  a  decrease  or  an  increase  in  the  plasma  temperature. 

The  triangles  AfjBJjBo  and  A"D'*BJJ  are  compared  next.  It  is  clear  from  the  diagram  that  their  corresponding 
angles  and  two  sides  are  equal,  so  that  their  third  sides  are  also  equal,  thus:  D'*Bn  =  BfiBj  =  .  We  then  obtain 


n  0 


6S„  — 


(6) 


In  this  way  a  method  is  also  found  for  determining  the  value  of  6s"  —  If  the  smaller  slope  of  the  curves 
for  the  ionic  pairs  of  lines  is  taken  into  account,  then 


n  0 


7  •  cos  u) 


(7) 
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Knowing  the  numerical  values  of  relationships  (5)  and  (7),  it  is  possible,  by  using  formula  (3),  to  calculate  the  value 
by  which  the  relative  Intensity  of  the  ionic  pairs  of  lines  alters  as  a  result  of  changes  in  the  relative  content  of  the 
ions  of  the  elements  being  compared,  following  upon  a  decrease  or  Increase  in  the  plasma  temperature. 

After  correcting  the  relative  Intensity  of  the  corresponding  pairs  of  lines  by  the  respective  values  (2  and  3),  the 
accuracy  with  which  the  concentration  of  the  elements  can  be  determined  on  the  basis  of  the  given  curves  is  consider¬ 
ably  increased.  In  this  way  it  has  been  found  possible  to  solve  the  problem  of  eliminating  the  error  in  determining 
the  concentration  of  a  test  element  which  arises  as  a  result  of  changes  in  the  temperature  of  the  arc  plasma,  such 
temperature  changes  being  possible  when  the  discharge  conditions  or  the  content  of  certain  third  components  in  the 
sample  alter.  As  Semenova  has  shown  [4]  the  error  in  determining  the  concentration  of  a  test  element  may  be  high 
because  of  such  changes. 

Unfortunately,  the  question  of  how  it  is  possible  to  determine  the  extent  of  the  change  in  the  relative  intensity 
of  the  pairs  of  lines  following  upon  changes  in  the  relative  content  of  the  elements  being  compared  in  the  plasma 
(4),  still  remains  unsolved.  If  this  problem  could  be  solved  as  well,  it  should  be  possible  to  attach  a  programmer  to 
the  multichannel  DFS-10  apparatus,  and  determine  the  concentration  of  the  elements  in  alloys  of  different  types 
automatically  on  the  basis  of  one  calibration  curve.  As  is  evident  from  Fig.  1,  at  high  temperatures  sparks  occur  in 
the  plasma,  and  the  value  (1)  is  higher.  This  fact  complicates  solution  of  the  problem  posed  still  further. 

In  conclusion  I  should  like  to  express  my  warmest  thanks  to  M.  A.  El’yashevich  for  his  advice. 

SUMMA  RY 

A  method  is  given  for  calculating  the  change  in  the  relative  radiation  intensity  of  an  analytical  pair  of  lines, 
caused  by  a  decrease  or  an  increase  in  the  arc  plasma  temperature  following  upon  changes  in  the  discharge  condi¬ 
tions.  The  values  (oS’n  -  oSJj/y )  (5)  and  (oS"  ~  oSfj/y )  (6)  are  determined  from  the  calibration  curves  for  the 
two  pairs  of  atomic  lines  and  one  pair  of  ion  lines.  Subsequently,  it  is  possible,  by  means  of  formulas  (2)  and  (3), 
to  determine  the  values  of  the  change  in  the  relative  intensity  of  the  pair  of  lines  following  upon  changes  in  the 
value  of  the  exponential  function  and  in  the  degree  of  atom  Ionization. 
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During  the  spectrographic  determination  of  impurities  in  titanium  metal  or  during  the  control  of  the  content 
of  alloying  elements  added  to  titanium  alloys,  it  is  always  necessary  to  take  into  account  the  possibility  of  uneven 
distribution  of  the  elements  to  be  determined  in  the  test  material.  This  gives  rise  to  additional  errors,  and,  in  some 
cases,  excludes  the  possibility  of  using  an  arc  or  spark  excitation  source.  During  analysis  of  titanium  alloys  the  prob¬ 
lem  is  also  complicated  by  difficulties  associated  with  the  preparation  of  standard  samples.  Accordingly,  in  most 
current  techniques  [1-3],  determination  of  impurities  in  titanium  and  in  its  alloys  is  carried  out  after  converting  ti¬ 
tanium  into  its  dioxide,  the  latter  being  then  analyzed  spectrographically  by  excitation  in  an  arc.  A  much  more 
radical  approach  for  overcoming  such  difficulties  is  to  resort  to  analyzing  solutions,  which,  in  the  case  of  titanium 
alloys  can  be  realized  with  exceptional  ease  and  simplicity.  Several  such  methods  have  been  described  [3-6],  in 
which  the  metal  is  brought  into  solution,  and  the  latter  subsequently  analyzed  with  a  porous  or  rotating  electrode 
with  excitation  of  the  spectrum  in  a  spark. 

Great  possibilities  have  been  opened  up  thanks  to  the  introduction  into  spectrographic  practice  [7,  8]  of  a  new 
excitation  source,  the  so-called  plasma  generator,  which  allows,  as  experience  has  shown  [7,  9],  the  accuracy  and 
reliability  of  the  spectrographic  determination  of  elements  in  solution  to  be  increased  considerably. 

The  present  article  is  devoted  to  a  technique  which  we  have  developed  for  the  analysis  of  titanium  alloys  by 
means  of  a  plasma  generator.  Results  of  a  study  of  certain  characteristics  of  the  new  excitation  source  are  also  in¬ 
cluded. 

Study  of  the  excitation  conditions  of  the  spectra  of  various  elements  in  the  source.  A  plasma  generator  adapted 
for  the  analysis  of  solutions,  and  whose  design  has  already  been  described  earlier  [9]  was  used  in  the  work. 

An  attempt  was  made  during  a  series  of  systematic  experiments  to  establish  the  way  in  which  the  blackening 
of  the  analytical  lines  of  various  elements  changes  along  the  length  of  the  source  stream,  and  to  study  the  effect  of 
certain  factors,  which  influence  the  excitation  conditions  of  the  atoms  of  the  elements  in  the  plasma,  on  the  form 
and  spatial  distribution  of  these  curves.  Of  these  factors  we  first  examined  the  ionization  potential  of  the  elements 
and  the  excitation  energy  of  their  emission  lines,  the  source  temperature,  and  the  effect  of  cations  and  anions.  In 
addition,  of  no  little  interest  was  an  examination  of  the  effect  on  the  excitation  conditions  of  the  elements,  of  the 
addition  of  organic  materials  to  the  test  solutions,  in  paricular  addition  of  ethanol,  the  presence  of  which,  as  our 
preliminary  observations  have  shown  [9],  is  reflected  in  the  radiation  intensity  of  the  line  of  an  element  in  a  plasma 
stream. 

The  results  of  these  experiments  are  shown  in  Figs,  1-6.  An  examination  of  these  leads  to  the  following  con¬ 
clusions: 

1)  A  decisive  effect  on  the  shape  and  the  position  of  the  maxima  on  the  curves  relating  line  blackening  of 
various  elements  to  the  distance  from  the  base  of  the  plasma  generator  stream  (Fig.  1)  is  shown  by  the  value  of  the 
excitation  energy  of  these  lines.  The  ionization  potential  of  the  element,  has,  in  practice  almost  no  significance. 
With  decreasing  excitation  energy  of  the  emission  lines,  there  is  observed,  as  a  rule,  a  widening  in  the  maximum 
of  the  curves  considered,  while  its  position  is  shifted  along  the  length  of  the  stream  away  from  the  base.  This 
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defonnation  In  the  shape  of  the  curves  can  be  particularly  clearly  followed  in  the  case  of  the  lines  of  the  alkali  ele¬ 
ments  (Fig.  2, 


Fig,  1.  Change  In  line  blackening  (AS)  of 
various  elements  (compared  with  the  black¬ 
ening  of  the  spectrogram  background)  along 
the  length  of  the  plasma  generator  stream, 

I  is  the  distance  in  mm  from  the  base  of  the 
stream.  1)  For  the  line  Fe  II  2410.5  (5.25 
ev);  2)  Fe  I  3019  (5.06  ev);  3)  Cr  I  3017.6 
(5.1  ev);  4)  A1  1  2652.5  (4.66  ev);  5)  Till 
3234.5  (3.9  ev);  6)  V  I  3185.4  (4  ev);  7) 

Zn  I  3345.0  (7.78  ev);  8)  Cr  I  4254.4  (2.9 
ev).  The  excitation  potentials  of  the  lines 
are  given  in  brackets.  The  relative  posi¬ 
tion  of  the  curves  along  the  abscissa  is 
arbitrary. 


Fig.  2.  Change  in  blackening  of  the 
lines  K  I  3446.7  (3.60  ev)  and  Na  I 
3302,3  A  (3,75  ev)  along  the  plasma 
generator  stream.  The  relative  posi¬ 
tion  of  the  curves  along  the  abscissa 
is  arbitrary. 


The  position  of  the  maximum  and  the  shape  of  the 
curves  considered  are  very  close  (e.g.,  curves  2  and  3,  or 
5  and  6  in  Fig,  1)  in  the  case  of  the  lines  of  various  ele¬ 
ments  with  similar  excitation  potentials.  On  the  other 
hand,  when  there  is  an  appreciable  difference  in  the  values 
of  the  excitation  potentials  of  the  lines,  even  of  the  same 
element  (curves  3  and  8  in  Fig.  1),  the  shape  of  these  curves  and  the  position  along  the  plasma  stream  corresponding 
to  the  blackening  maximum  of  the  respective  lines  can  differ  from  each  other  to  a  very  considerable  extent.  This 
fact  must  be  borne  in  mind  when  choosing  the  analytical  lines  of  the  elements,  and  the  optimum  conditions  for  carry¬ 
ing  out  analyses  of  various  objects.  On  the  one  hand,  the  effect  indicated  sets  certain  limitations  and  can,  for  ex¬ 
ample,  sometimes  complicate  the  choice  of  reference  lines  which  are  suitable  under  other  relationships,  while  on 
the  other  hand,  as  a  result  of  the  possibility  of  a  spatial  separation  of  the  maxima  of  successfully  chosen  analytical 
lines  of  various  elements  along  the  plasma  stream,  it  opens  up  the  possibility  of  artificially  increasing  the  line  in¬ 
tensity  of  certain  elements  at  the  expense  of  the  weakening  of  others  by  correct  choice  of  the  operating  part  of  the 
plasma  stream. 


2)  Anions  do  not  affect  the  character  of  the  distribution  of  line  intensity  of  the  elements  in  a  plasma  generator 
stream  (Fig,  4), 

Cations  of  other  elements  present  in  solution,  judging  from  available  data  (Fig.  3),  may  sometimes  give  rise 
to  a  small  (and  seldom  realized  from  a  practical  point  of  view)  shift  in  the  original  curves.  This  question,  however, 
deserves  a  wider  and  more  systematic  study, 

3)  In  order  to  have  an  idea  of  the  nature  of  the  change  in  the  excitation  conditions  of  the  lines  of  the  ele¬ 
ments  on  moving  along  the  plasma  generator  stream,  a  study  was  made  of  the  relationship  between  the  relative  in¬ 
tensity  of  the  spark  and  arc  lines  of  iron  (or  for  simplicity  AS)  and  the  distance  to  the  base  of  the  stream  (Z),  in 
which  various  sections  of  the  radiating  plasma  were  projected  on  the  spectrograph  slit.  It  was  established  during  the 
course  of  this  study  (Fig.  5)  that  there  is  a  linear  decrease  in  the  difference  in  the  blackening  of  the  lines  of  the  fixed 
pair  used,  indicating  thereby  an  uniform  decrease  in  the  source  temperature  as  one  moves  along  the  stream  from  its 
base  to  its  periphery. 
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Addition  of  ethanol  (50*^0)  to  the  solution  does  not  destroy  the  general  features  of  the  relationship  between  the 
temperature  of  a  corresponding  zone  of  the  source  plasma  and  its  position  in  the  stream  (curve  w,  Fig.  5),  but  leads 
to  an  experimentally  fixed  decrease  in  the  source  temperature  as  a  whole.  In  accordance  with  this,  addition  of  alco¬ 
hol  also  has  an  effect  on  the  position  of  the  maximum  and  on  the  shape  of  the  curves  relating  blackening  of  the  ana¬ 
lytical  lines  of  test  elements  to  distance  of  the  various  zones  of  the  stream  from  the  base  (Fig.  6).  As  one  might  ex¬ 
pect,  in  view  of  what  has  been  said  above,  the  presence  of  alcohol  in  solution  leads  to  an  expansion  of  the  original 
curves,  and  to  the  displacement  of  their  maxima  toward  the  base  of  the  stream.  A  certain  increase  in  the  intensity 
of  the  analytical  lines  of  the  elements  is  also  observed,  the  magnitude  of  the  increase  being  dependent  on  the  values 
of  the  excitation  potentials  of  the  elements;  on  an  average  it  usually  amounts  to  1.5-2  times. 


Fig.  3.  Effect  of  foreign  cations  pres¬ 
ent  in  the  plasma  on  the  nature  of  the 
relationship  between  the  intensity  of 
the  line  Fe  I  2719.02  A  and  the  dis¬ 
tance  to  the  base  of  the  plasma  stream. 
1)  In  absence  of  other  cations  in  the 
plasma  (iron  as  FeS04);  2)  FeS04  to 
which  la^ge  amounts  of  KHSO4  have 
been  added;  3)  FeS04  to  which  large 
amounts  of  ZnS04  have  been  added. 
The  mutual  position  of  the  curves 
along  the  abscissa  is  arbitrary. 


Fig.  5.  The  change  in  the  differ¬ 
ence  in  blackening  of  the  fixed 
pair  Fe  n  2598.4  and  Fe  I  2719.02 
(AS)  along  the  length  (1)  of  the 
plasma  stream,  1)  During  excita¬ 
tion  of  the  element  from  pure  aque¬ 
ous  solutions;  2)  on  addition  of  a 
solution  containing  50«yc  ethanol. 


Fig.  4.  The  relationship  between  the 
character  of  the  distribution  of  the 
blackening  of  iron  lines  and  the  pres¬ 
ence  of  various  anions  in  the  plasma. 
1)  SO\~i  2)  Cl";  3)  NO^.  The  ordi¬ 
nary  figures  relate  to  the  line  Fe  II 
2598,4  while  the  dashed  figure  re¬ 
late  to  Fe  I  2719,02,  The  mutual 
position  of  the  curves  along  the  abs¬ 
cissa  is  arbitrary. 


Fig.  6.  Effect  of  addition  of  etha¬ 
nol  (50<yo)  on  the  distribution  of 
blackening  of  the  iron  lines  Fe  I 
3020.6  (1)  and  Fe  n  2392.0  (2) 
along  the  length  of  the  plasma 
stream.  The  ordinary  figures  re¬ 
fer  to  solutions  free  from  ethanol; 
the  dashed  figures  refer  to  solu¬ 
tions  which  ethanol  has  been  added. 
The  relative  position  of  the  curves 
along  the  abscissa  is  arbitrary. 
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Technique  for  analyzing  alloys.  The  technique  described  below  can  be  used  for  the  quantitative  determina¬ 
tion,  in  practice,  of  all  the  alloying  elements  usually  added  to  titanium  alloys  (Al,  Cr,  Mo.  Fe,  Si,  V,  Mn,  Sn),  Never¬ 
theless,  in  the  present  article  the  possibilities  of  the  technique  are  described  only  with  respect  to  the  determination 
of  five  of  these  additives,  the  so-called  a-  and  6 -stabilizers  ~  Al,  Cr,  Mo,  V,  and  Mn  —  the  content  of  which  in 
various  alloys  can  be  varied  over  a  wide  range  of  0.1  to  10<yo. 


0  ,  60  no  180  ZOO 


Fig.  7.  The  degree  of  constancy 
of  the  blackening  of  the  analyti¬ 
cal  lines  of  various  elements  (AS) 
during  their  excitation  from  solu¬ 
tion  in  a  plasma  stream.  1)  For 
the  lines  Al  I  3944.0;  2)  Cr  I 
4254.3;  3)  Fe  I  3019.  The  black¬ 
ening  level  of  the  line  is  arbi¬ 
trary. 


Fig.  8.  Calibration  curves  for  the 
determination  of  Al  (1)  Gr  (2);  Mo 
(3);  Mn  (4);  and  V  (5)  in  titanium 
alloys. 


TABLE  1.  Analytical  Lines  of  the  Elements  and  Their  Excitation 
Potentials 


Lines  of  test  elements 

1  Lines  of  the  reference  element 

wavelength 

(A) 

excitation 
energy,  ev 

wavelength 

(A) 

excitation 
energy,  ev 

Al  I  3944,0 

3,14 

Co  I  3995,3 

4,03 

Cr  I  4254,3 

2,91 

Co  1  3995,3 

4,03 

V  ,(3183,4 

3,91 

Co  I  3412,0 

4,15 

*14379,2 

3,13 

Co  I  3995,3 

4,03 

Mol  3170,3 

3,91 

Co  1  3412,0 

4,15 

Mnl  2801,1 

— 

Co  1  3412,0 

4,15 

TABLE  2.  Results  of  Chemical  (Ch)  and  Spectrographic  (S)  Analysis  of 
Standard  Alloys 


Standard 

1  Mo  1 

Cr  1 

Al  1 

Mn 

No. 

Ch  1 

S 

Ch 

s  1 

Ch 

S 

Ch 

S 

11 

2,50 

2,52 

4,16 

4,21 

2,90 

2,92 

3,15 

3,10 

12 

— 

— 

0,92 

0,89 

3,83 

3,67 

0,72 

0,68 

13 

— 

— 

— 

— 

5,03 

5,13 

— 

— 

14 

0,74 

0,70 

1,60 

1,59 

5,31 

5,20 

1,10 

1,07 

17 

1,50 

1,66 

2,35 

2,40 

7,02 

6,90 

0,79 

0,78 
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a)  Preparation  of  standard  solutions  and  preparation  of  samples  for  analysis.  Standard  solutions  are  prepared 
by  mixing  calculated  amounts  of  solutions  of  the  chlorides  of  the  test  elements  and  of  the  base  element  (titanium), 
with  addition  of  5  ml  of  a  cobalt  salt  solution  (10  mg  Co/ml),  cobalt  being  used  as  the  reference  element.  A  stand¬ 
ard  with  the  maximum  content  of  the  test  components  is  first  prepared,  and  the  other  standards  prepared  from  this 
by  appropriate  dilution  with  a  solution  of  titanium  salt  containing  1^^  Ti, 

A  0,5  g  aliquot  of  the  turnings  of  the  test  alloy  is  placed  in  a  chemical  beaker,  20  ml  of  chemically  pure  con¬ 
centrated  hydrochloric  acid  which  has  been  checked  beforehand  for  the  absence  of  the  elements  to  be  determined  is 
added,  the  beaker  is  covered  with  a  watch  glass  and  the  contents  of  the  beaker  are  heated  on  a  sand  bath  until  the 
alloy  has  dissolved.  As  the  solution  is  evaporated  HCl  is  added  to  it  in  small  portions.  When  dissolution  is  complete, 
the  dark- violet  colored  solution  of  titanium  trichloride  is  oxidized  with  chemically  pure,  concentrated  nitric  acid, 
the  latter  being  added  dropwlse.  The  solution  obtained  is  transferred  to  a  50  ml  standard  flask  and  5  ml  of  a  solution 
of  a  cobalt  salt  (10  mg  Co/ml)  added,  the  solution  is  made  up  to  the  mark  with  distilled  water,  and  after  thorough 
mixing  it  Is  analyzed. 

b)  Technique  for  the  spectrographlc  determination  of  elements.  Experience  with  a  plasma  generator  [9]  has 
shown  that  In  order  to  increase  the  stability  of  the  stream,  it  is  expedient  to  increase  the  Internal  diameter  of  the 
outlet  nozzle  from  5  to  6.5  mm.  Under  such  conditions  the  amount  of  cooling  gas  (argon)  used  proved  to  about  6.5 
liters/mln,  while  the  optimum  parameters  of  the  glass  spraryer  which  ensure  the  best  operational  conditions  of  the 
excitation  source  changed  very  little.  The  gas  pressure  at  the  sprayer  inlet  was  2.5  atm,  while  the  amount  of  solu¬ 
tion  used  was  6-8  ml/mln.  The  distance  between  the  electrodes  was  kept  constant  at  3  mm.  Both  carbon  electrodes 
were  changed  after  obtaining  three  successive  spectra  belonging  to  a  standard  or  to  a  test  sample.  The  generator 
was  operated  from  a  20  amp  dc  arc  at  a  voltage  of  270  v.  The  standard  solution  or  the  test  sample  converted  into 
an  aerosol  by  the  sprayer  passed  together  with  the  cooling  gas  into  the  inner  cavity  of  the  generator,  and  thence  into 
the  plasma  stream. 

The  analytical  lines  of  the  elements,  and  the  position  of  the  operating  part  of  the  plasma  stream  were  chosen 
in  accordance  with  the  results  of  preliminary  experiments  (Fig.  1)  so  that  determination  of  all  the  elements  could 
be  realized  for  one  (unchanged  for  the  various  elements)  position  of  the  spectrograph  slit  relative  to  the  chosen  operat¬ 
ing  part  of  the  plasma  stream.  The  distance  in  this  case  was  22  mm.  The  operating  part  of  the  plasma  stream  lo¬ 
cated  at  this  height  was  projected  through  a  one  lens  illumination  system  onto  the  slit  of  an  ISP-22  spectrograph. 

The  analytical  lines  used  in  this  work  and  the  excitation  energies  corresponding  to  them  are  given  in  Table  1. 

The  spectra  were  photographed  on  spectrographlc  plates  type  II  with  a  sensitivity  of  16  GOST  units,  and  were 
developed  in  D-19  developer. 

The  preliminary  exposure  was  20  sec,  while  the  main  exposure  was  75  sec.  The  spectrograms  obtained  after 
photographing  the  standard  solutions  and  the  alloy  samples  were  measured  photometrically  on  a  MF-2  microphoto¬ 
meter.  The  extent  of  the  stability  of  the  photometer  readings  for  some  of  the  lines  of  the  different  elements  is  shown 
by  the  curves  in  Fig.  7,  Calibration  curves  were  constructed  within  the  coordinates  AS  —  log  c.  They  are  shown  in 
Fig.  8.  They  are  linear  over  a  wide  concentration  range. 

The  mean  arithmetic  error  for  the  reproducibility  of  spectrographlc  determination,  calculated  from  three  par¬ 
allel  measurements,  varieswlthln  the  limits  3-4'yo, 

In  order  to  check  on  the  accuracy  of  analysis  by  the  technique  described,  a  group  of  standard  alloys  which  had 
been  reliably  analyzed  in  seven  chemical  laboratories  was  used;  these  samples  were  kindly  presented  to  us  by  K.  A. 
Sukhenko  to  whom  we  should  like  to  express  our  thanks.  The  mean  results  of  the  analyses  of  these  samples  which  we 
carried  out  are  compared  with  the  results  of  chemical  analyses  in  Table  2, 

As  is  evident,  the  degree  of  agreement  between  the  results  obtained  by  the  two  methods  can  be  regarded  as 
completely  satisfactory. 


SUMMA  RY 

A  method  has  been  developed  for  the  quantitative  spectrographlc  determination  of  impurities  and  alloying 
additions  in  titanium  alloys  using  a  plasma  generator.  The  alloys  are  brought  into  solution  in  order  to  carry  out 
the  analyses.  The  mean  arithmetic  error  of  the  reproducibility  in  three  parallel  determinations  is  3-4*70  (relative). 
The  deviation  between  the  results  obtained  by  this  method  and  by  chemical  analysis  is  of  the  same  order. 
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The  excitation  conditions  of  the  spectra  of  various  elements  in  this  source  have  been  studied  systematically, 
and  the  effect  of  the  ionization  potentials  of  the  elements,  the  excitation  energy  of  the  spectral  lines,  the  source 
temperature,  the  presence  in  solution  of  organic  materials,  and  the  presence  of  cations  and  anions  of  other  elements 
on  these  excitation  conditions  has  been  established. 

Differences  in  the  excitation  conditions  of  the  spectral  lines  of  the  elements  in  different  zones  of  the  plasma 
generator  stream  have  been  established. 
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Despite  the  successes  achieved  in  the  Ion  exchange  chromatography  of  the  alkali  metals  [1-3],  there  is  still  a 
number  of  important  questions  which  demand  further  study. 

In  none  of  the  published  papers  devoted  to  the  study  of  the  effect  of  such  factors  as  the  particle  size  of  the  ion 
exchange  resin,  the  length  of  the  ion  exchange  column,  elution  rate,  and  the  ratio  of  the  components  of  the  synthetic 
mixtures,  on  the  efficiency  of  separation,  has  consideration  been  given  to  the  question  of  the  criteria  which  should  be 
followed  in  choosing  an  ion  exchange  resin  which  is  suitable  for  carrying  out  eluant  chromatography  of  the  alkali 
metals.  Apparently,  no  one  has  completely  separated  mixtures  of  all  the  alkali  metals,  while  the  most  successful 
separation  has  only  been  effected  by  using  not  readily  available  ion  exchange  resins  —  Amberlite  IR-100,  Wofatlte  KS 
[4,  5]  —  or  special  resins  Wofatite  KPS-200  [6].  Good  separation  of  mixtures  of  sodium  and  potassium  has  been 
achieved  on  KU-2  containing  a  high  divinylbenzene  content  [7]  and  on  colloidal  Dowex-50  [8],  but  lithium  was  only 
separated  from  sodium  and  potassium  on  this  resin  with  difficulty  [9]  by  increasing  Its  dlsperslvity  sharply,  a  factor 
which  complicates  operation  since  it  is  necessary  to  create  a  vacuum  in  the  lower  part  of  the  column.  An  even  more 
difficult  problem  is  separation  of  potassium  — rubidium  and  rubidium— cesium  mixtures,  because  of  the  very  close 
values  of  the  radius  of  the  hydrated  ions  [10].  Apparently,  only  Kayas  [4]  has  been  successful  in  quantitatively  sepa¬ 
rating  potassium  from  rubidium;  in  the  paper  published  earlier  by  Cohn  and  Cohn  [11]  this  separation  was  not  quan¬ 
titative.* 

Papers  have  been  published  on  the  separation  of  mixtures  of  lithium  and  magnesium  [12],  and  also  of  mixtures 
of  magnesium,  sodium,  and  potassium  [8],  but  separation  of  magnesium  from  a  mixture  of  all  the  alkali  metals  has 
not  been  studied. 

In  the  present  article  a  description  is  given  of  a  method  which  has  been  developed  for  the  eluant  chromato¬ 
graphic  separation  of  mixtures  of  all  five  alkali  metals,  and  also  of  mixtures  of  the  alkali  metals  with  magnesium, 
using  readily  available  cation  exchange  resins— sulfonated  polybutadiene  resins.  A  study  of  the  selectivity  of  the  pro¬ 
ton—  alkali  metal  cation  equilibrium  exchange  on  these  cation  exchange  resins  and  on  KU-2  has  enabled  us  to  give 
some  indications  on  the  choice  of  cation  exchange  resin  suitable  for  successfully  separating  mixtures  of  the  alkali 
metals  by  eluant  chromatography. 

EXPERIMENTAL 

The  selectivity  of  the  proton— cation  equilibrium  exchange.  We  studied  the  selectivity  of  the  equilibrium  ex¬ 
change*  *on  two  polybutadiene  cation  exchange  resins- sulfonated  polybutadiene  rubber  (ion  exchange  resin  SKB)  and 
on  a  sulfonated  polybutadiene  vulcanizate  caitainlng  combined  sulfur  per  100  parts  by  weight  of  polymer  (cation 
exchange  resin  SBR  x  4)—  and  also  on  the  cation  exchange  resin  KU-2  containing  4  nominal  percent  divinylbenzene. 
The  preparation  and  properties  of  the  sulfonated  polybutadiene  have  been  described  in  [3].  The  exchange  capacity 
of  SKB  and  SBR  x  4  with  respect  to  sodium  chloride  is  2.5  and  2.1  mg.  equiv  per  g  of  dry  resin  respectively.  For  the 
study  of  equilibrium  exchange  carried  out  at  room  temperature  and  at  an  ionic  strength  of  the  equilibrium  solution 
of  0.1,  the  technique  described  in  the  literature  [14]  was  adopted.  Since  we  worked  with  chlorides,  the  content  of 
alkali  metal  in  the  equilibrium  solution  and  in  the  resin  phase  was  determined  by  Mohr’s  chloride  method.  The 

•  New  possibilities  of  separating  alkali  metals  which  ate  opened  up  by  the  use  of  cation  exchange  resins  containing 
weakly  acid  groups,  e.g.,  the  Russian  phosphoric  acid  cation  exchange  resin  RF,  are  pointed  out  in  the  review  by 
M.  M.  Senyavin  [1], 

•  *  A,  N,  Pokrovskaya  and  V.  S.  Soldatov  carried  out  these  experiments. 
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experimental  results  are  shown  in  Figs.  1  and  2  as  partition  curves  of  the  Ions  between  the  resin  and  equilibrium  solu¬ 
tion  phases  within  the  coordinates,  equivalent  fraction  of  the  metal  ion  in  the  resin  phase  -  equilibrium  frac¬ 
tion  of  the  ion  in  the  equilibriiun  solution  phase  (Xj^). 


Fig.  1.  Distribution  of  Li,  Na,  and  K  be¬ 
tween  SBR  X  4  and  solution  (In  all  these 
diagrams  the  figure  at  the  side  of  the 
symbol  for  the  element  denotes  the  num¬ 
ber  of  mg.  equiv.  introduced. 


Free  Exchange  Energy  of  the  Proton— Cation  Ex¬ 
change  In  Infinitely  Dilute  Solutions 
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Fig.  2.  Distribution  of  LI,  Na,  and  K  be¬ 
tween  KU-2  and  solution. 

It  is  clear  from  the  figures  that  on  the  resin  SBR  X  4 
(SKB  behaves  in  a  similar  fashion)  the  partition  curves  of 
the  ions  between  the  phases  (with  the  exception  of  potas¬ 
sium  in  dilute  solutions)  lie  below  the  diagonal  of  the  square 
X  —  Xj^,  i.e.,  the  selectivity  coefficient  of  the  proton- 
cation  equilibrium  exchange  which  is  equal  to  the  ratio  of 
the  equivalent  fractions  of  hydrogen  ions  and  metal  ions  in 
the  resin  phase  divided  by  the  same  ratio  in  the  equilibrium 
solution  phase  [15]  Is  greater  than  unity.*  On  the  cation  ex¬ 
change  resin  KU-2,  as  is  evident  from  Fig.  2,  the  selectivity 
coefficient  during  the  exchange  of  lithium  for  protons  is 
greater  than  unity  throughout  the  whole  range  of  composi¬ 
tions,  while  for  the  exchange  of  sodium  and  potassium  for 
protons  it  Is  less  than  unity. 


The  values  of  the  partition  coefficients  of  hydrogen 
ions  for  the  cation  exchange  resins  SBR  X  4  and  KU-2  in  the 
corresponding  metal  forms  are  given  in  the  table,  they  are  equal  to  the  tangents  of  the  slopes  of  the  partition  coef¬ 
ficients  at  Xj^  =  1.  The  same  table  contains  the  values  of  the  maximum  work  of  transferring  a  g.  equiv  of  hydrogen 
ions  from  an  infinitely  dilute  solution  into  the  ion  exchange  resin  in  the  metal  form;  these  values  are  expressed  in 
calories  per  g.  equiv.  and  are  calculated  by  means  of  the  equation: 


A  =  -  AF  =  RT  In  Kp. 

It  is  clear  from  the  results  given  In  the  table  that  the  ratio  of  the  partition  coefficients  in  both  resins  is  approx¬ 
imately  the  same  for  this  series  of  ions.  However,  in  the  case  of  the  resin  SBRX  4  (and  also  in  the  case  of  SKB)  the 
transfer  of  hydrogen  ions  from  an  infinitely  dilute  solution  into  the  metallic  form  of  the  resin  is  a  spontaneous  process, 
while  in  the  case  of  KU-2  this  process  is  only  spontaneous  for  the  resin  in  the  lithium  form. 

•S-shaped  partition  curves  similar  to  the  curve  for  potassium  in  Fig.  1  can  be  obtained  on  cation  exchange  resins  con¬ 
taining  different  tyjjes  of  funetional  groups  [16],  The  polyfunetlonality  of  sulfonated  polybutadienes  has  been  estab¬ 
lished  in  [13]. 
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This  is  an  important  factor  for  realizing  eluant  chromatography.  In  fact,  since  the  elution  process  proceeds 
spontaneously  on  sulfonate  polybutadiene  resins  even  in  infinitely  dilute  solutions  of  acids,  the  choice  of  an  eluant 

when  using  resins  of  this  type  is  a  relatively  simple  operation;  it  is  neces¬ 
sary  to  start  elution  with  very  dilute  acid  solutions  and  then  by  gradually 
increasing  the  acid  concentration  it  is  possible  to  obtain  constricted  but 
not  overlapping  zones  for  the  individual  ions. 


C,  mg*equiv/ml ‘lO* 
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Fig.  3.  Separation  of  Li  and  Na  on  KU  -2. 


For  separation  of  alkali  metal  cations  (with  the  exception  of  lith¬ 
ium)  on  the  cation  exchange  resin  KU-2  there  is  no  point  in  starting  a 
search  for  eluants  with  very  dilute  solutions  of  acids,  while  it  is  neces¬ 
sary  to  find  empirically,  or  by  calculation  by  means  of  the  isotherms  of 
the  chemical  reactions,  that  acid  concentration  (naturally  this  will  have 
a  particular  value  for  each  of  the  ions  in  a  mixture)  at  which  the  hydro¬ 
gen-cation  exchange  will  becomp  a  spontaneous  process.*  This  fact 
transforms  the  empirical  choice  of  eluants  for  ion  exchange  resins  of  the 
KU-2  type  into  a  vague  problem,  and  even  under  the  best  conditions  into 
a  very  difficult  operation. 
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Fig.  4.  Separation  of  mixtures  of  Li 
and  Na  on  SBR  x  4.  a)  Li :  Na  =  11.6 : 
:1;  b)  Li:Na  =  1;1;  c)  Li:Na  =  1:37. 


In  agreement  with  the  considerations  outlined  above,  it  has  been 
found  possible  to  separate  sodium  and  potassium  ions  on  Dowex-50  by 
means  of  fairly  concentrated  acid  —0.7  N  HCl  [8],  while  attempts  to 
separate  a  ternary  mixture  of  lithium— sodium— potassium  with  the  same 
eluant  proved  to  be  very  difficult,  as  noted  already.  From  a  thermody¬ 
namic  point  of  view  such  an  attempt  is  unfounded,  since  at  such  a  hydro¬ 
gen  ion  concentration,  the  exchange  process  is  spontaneous  for  all  three 
cations.  As  is  obvious  from  the  results  given  in  the  table  for  KU-2,  sepa¬ 
ration  of  mixtures  of  lithium  and  sodium  should  be  carried  out  with  acid 
whose  concentration  is  such  that  the  hydrogen— sodium  exchange  has  not 
yet  become  a  sharply  spontaneous  process.  These  ideas  have  been  con¬ 
firmed  experimentally.  We  were  able  to  separate,  without  any  difficulty, 
mixtures  of  lithium  and  sodium  on  KU-2  containing  divinylbenzene 
and  consisting  of  coarsely  dispersed  spherical  particles  with  a  particle 
size  of  0.25-0.50  mm  in  a  column  of  1  x  100  cm,  using  0.05  N  HCl  at 
the  rate  of  3  ml  per  minute.  The  results  of  one  of  these  experiments,*  * 
in  which  a  mixture  containing  1  mg.  equiv.  of  lithium  and  3  mg.  equlv. 
of  lithium  was  separated,  are  shown  in  Fig.  3. 

A  characteristic  feature  is  that  the  most  successful  experiments  in 
separating  mixtures  of  the  alkali  metals  have  been  carried  out  by  means 
of  dilute  acids.  Thus  Kayas  [4]  used  0.1  N  HCl  on  Amberlite  IR-100, 
Wickbold  [5]  used  0.1  N  HCl  on  Wofatite  KS,  while  Jentzsch  and  Frotscher 
[6]  used  0.01  N  HCl  on  Wofatites  KPS-200  and  F.  There  is  a  basis  for 
assuming  that  the  resins  menti'^ned  are  characterized,  like  the  sulfonated 
polybutadiene  resins,  by  tlie  fact  that  the  hydrogen— cation  exchange  pro¬ 
ceeds  spontaneously  on  them  from  Infinitely  dilute  solutions  of  acids. 


Thus  in  order  to  separate  mixtures  of  ions  successfully  by  eluant  chromatography,  on  the  basis  of  an  empirical 
choice  of  the  hydrogen  ion  concentration  of  the  eluants,  it  is  extremely  important  that  in  addition  to  marked  differ¬ 
ences  in  the  values  of  the  selectivity  coefficients  of  the  hydrogen— cation  exchange  equilibrium,  this  exchange  should 
be  spontaneous  in  the  region  of  infinitely  dilute  solutions  of  hydrogen  ions. 


Expjeriments  on  chromatographic  separation.  In  order  to  obtain  results  comparable  to  those  given  in  the  litera¬ 
ture,  the  experiments  on  chromatographic  separation  were  carried  out  under  conditions  analogous  to  those  used  by 
Wickbold  [5]  and  Jentzsch  and  Frotscher  [6].  The  column  whose  dimensions  were  1  x  100  cm,  contained  56-59  g  of 
ion  exchange  resin  with  particle  size  0.1-0.25  mm.  The  elution  rate  was  5  ml  per  minute.  In  Fig.  4  are  shown  elu¬ 
tion  curves  obtained  during  the  separation  of  mixtures  of  lithium  and  sodium  in  various  proportions,  0.025  N  HCl 
being  used  as  the  eluant. 

*  It  is  necessary,  however,  in  order  to  carry  out  these  calculations,  to  have  data  on  the  activity  coefficients  of  the  components. 

*  *  Carried  out  by  N.  A.  Polyak. 
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It  Is  clear  from  the  diagram  (curve  "c*)  that  the  separation  is  still  quite  clear  cut  when  the  lithium  content  Is 
less  than  3*^  of  the  mixture.  Separation  of  mixtures  of  sodium  and  potassium  Is  even  better.  In  Wlckbold's  paper 
[5]  sodium  and  potassium  gave  a  mixed  zone  when  their  contents  in  tlie  mixtures  were  in  the  proportion  1:  9. 


C,  mg*equlv/ml  *10^ 


Fig.  5,  Separation  of  mixtures  of  Li,  Na,  and  K  on  SBRx  4. 


C,  mg*equiv/ml*10^ 


Figure  5  shows  the  results  obtained  during  separation  of  lithium,  sodium,  and  potassium  by  means  of  0.025  N 
HCl  passed  through  the  column  at  a  rate  of  5  ml/minute,  when  the  relative  loading  of  the  column  was  0.1. 

The  clearness  of  the  separation  is  approximately  the  same  as  that  obtained  in  [5];  the  lithium  and  sodium  zones 
almost  touch  each  other,  while  there  is  a  considerable  gap,  amounting  to  about  200  ml  in  our  experiments,  between 
the  sodium  and  potassium  zones. 

During  separation  of  a  mixture  of  all  five  alkali  metals,  sodium  and  lithium  were  eluted  with  0.025  N  IKl, 
while  rubidium  was  eluted  with  0.05  N  HCl,  and  cesium  with  1.0  N  IKIl.  During  separation  of  the  given  component 
mixture  the  elution  rate  had  to  be  dropped  to  2  ml/min,  since  at  higher  elution  rates  potassium  and  rubidium  gave 
a  small  mixed  zone. 

We  established  during  the  course  of  a  large  number  of  experiments  that  separation  is  most  clear  cut  on  the 
cation  exchange  resin  SKB;  there  Is  an  appreciable  gap  between  the  lithium  and  sodium  zones,  while  the  sharpness 
with  which  potassium  and  rubidium  are  separated  also  increases.  Comparison  of  the  results  of  experiments  carried 
out  on  SKB  with  the  results  given  in  [5]  and  [6]  shows  that  the  partitioning  capacity  of  SKB  Is  slightly  greater  than 
that  of  Wofatlte  KS,  and  considerably  higher  than  that  of  Wofatite  F,  and  is  only  inferior  to  Wofatite  KPS-200.  A 
slight  drawback  of  sulfonated  polybutdlene  resins  is  the  necessity  of  using  comparatively  large  volumes  of  eluent 
during  elution  of  the  alkali  metals  from  the  column.  However,  when  working  with  small  amounts  of  components 
In  the  mixtures  (of  the  order  of  some  tenths  of  a  mg.  equiv.),  and  particularly  when  using  automatic  collectors,  this 
drawback  is  unimportant. 

Compared  with  other  divalent  cations,  it  is  known  that  [9]  magnesium  is  the  most  difficult  element  to  separate 
from  the  alkali  metals  by  ion  exchange  chromatography.  Mixtures  of  all  the  alkali  metals  and  magnesium  were  sepa 
rated  very  well  on  the  sulfonated  polybutadiene  resins  studied  in  the  present  work. 


Elution  curves  for  a  mixture  of  all  the  alkali  metals  and  magnesium  are  shown  in  Fig.  6.  Lithium  and  sodium 
were  eluted  with  0.025  N  HCl,  potassium  with  0.05  N  HCl,  rubidium  with  0.085  N  HCl,  cesium  with  0.1  N  HCl,  and 
magnesium  with  0.5  N  HCl. 


SUMMARY 

A  study  has  been  made  of  the  selectivity  of  the  proton— alkali  metal  cation  exchange  equilibrium  sulfonated 
polybutadiene  (SKB),  on  sulfonated  polybutadiene  vulcanizate  containing  4*70  combined  sulfur  (SBRx  4),  and  on  KU-2 
containing  4‘7o  dlvinylbenzene.  The  free  energies  of  the  proton— cation  exchange  in  infinitely  dilute  solutions  of  hy¬ 
drogen  ions  have  been  calculated.  It  has  been  shown  that  the  sign  of  the  free  energy  of  the  proton- cation  exchange 
is  important  for  a  rational  selection  of  eluants. 

The  readily  available  sulfonated  polybutadienes  —  SKB  and  SBR  x  4  ate  quite  suitable  for  the  quantitative  sepa¬ 
ration  of  mixtures  of  the  ions  of  all  five  alkali  metals,  and  also  for  the  separation  of  these  ions  from  magnesium  by 
eluent  chromatography. 
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odica!  literature  may  welt  be  available  in  English  translation.  A  complete  list  of  the  cover- to- 
cover  English  translations  appears  at  the  back  of  this  issue. 
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There  are  no  satisfactory  methods  at  present  for  the  determination  of  about  0.001  g  of  potassium  in  one  g  of 
rocks  and  minerals  with  an  accuracy  of  down  to  2-370.  In  order  to  determine  the  absolute  age  of  a  specimen,  de¬ 
velopment  of  techniques  for  the  determination  of  small  amounts  of  potassium  is  of  great  practical  importance.  A 
solution  of  this  problem  would  allow  one  to  determine  age  by  the  argon  method  on  the  basis  of  primary  rocks  with  a 
potassium  content  of  less  than  17o.  The  use  of  the  isotope  dilution  technique  would  appear  to  be  the  most  promising 
approach.  Using  such  a  technique  it  should  be  possible  to  achieve  a  considerably  higher  sensitivity  and  accuracy 
than  is  possible  by  ordinary  chemical  methods.  We  set  ourselves  the  problem  of  developing  a  method  for  the  deter¬ 
mination  of  potassium  by  means  of  the  MI-1305  mass-spectrometer,  and  comparing  the  results  obtained  with  the  re¬ 
sults  of  chemical  determinations.  We  chose  samples  with  a  low  potassium  content  for  study;  diabases,  beryls,  and 
tourmalines.  The  diabases  were  decomposed  by  the  usual  method  [1].  The  difficulties  involved  in  decomposing 
beryls  and  tourmalines  led  us  to  use  a  special  chemical  method  for  their  treatment. 

Tcctinique  for  the  chemical  analysis  of  beryls  and  tourmalines.  On  cllnkerlng  tourmalines  and  beryls  by  the 
classical  Lawrence— Smith  method  an  appreciable  part  of  the  sample  remains  undecomposed.  We  tried  to  determine 
potassium  quantitatively  in  beryls  and  tourmalines  after  using  Yashchenko  and  Barshavskll’s  rapid  method  [1].  For 
determining  potassium  by  this  method  micas  are  decomposed  with  a  mixture  of  hydrofluoric  and  oxalic  acids.  Beryls 
and  tourmalines,  however,  are  not  completely  decomposed  by  this  method.  On  the  basis  of  the  work  of  Tananaev 
and  Smyshlyaev  [2],  the  authors,  on  Yashchenko's  advice,  have  modified  this  method.  Decomposition  with  the  mix¬ 
ture  of  hydrofluoric  and  oxalic  acids  was  replaced  by  sintering  of  the  minerals  with  ammonium  fluoride,  and  subse¬ 
quent  decomposition  of  the  fluorides  with  oxalic  acid.  Ammonium  fluoride  is  a  more  active  reagent.  During  de¬ 
composition  of  the  minerals,  in  order  to  make  the  analysis  quantitative,  the  samples  must  be  given  repeated  treat¬ 
ment  with  ammonium  fluoride.  Decomposition  of  the  fluorides  and  sillcofluorldes  formed  with  oxalic  acid,  and  the 
subsequent  analytical  procedure  were  carried  out  in  the  same  way  as  in  the  method  published  earlier  [1].  The  com¬ 
plete  analytical  procedure  which  we  followed  is  given  below. 

The  test  samples  were  ground  as  carefully  as  possible,  since  completeness  of  decomposition  depends  on  the 
degree  of  grinding.  A  1  g  aliquot  was  placed  in  a  platinum  basin  and  mixed  with  ten  times  its  amount  of  ammonium 
fluoride.  The  basin  was  placed  on  a  flask  heater,  and  sintered  at  300-400°.  Ammonium  fluoride  reacts  vigorously 
over  this  temperature  range  with  silicate  powder,  and  the  sample  is  decomposed  in  a  matter  of  a  few  minutes.  A 
further  2-3  g  of  NH4F  was  added  to  the  fluorides  formed  and  sintering  repeated.  Six-seven  g  of  oxalic  acid  was  added 
to  the  dry  residue;  this  was  followed  by  addition  of  hot  water,  and  the  contents  of  the  basin  evaporated  on  a  water 
bath  to  dryness.  The  dry  residue  was  again  moistened  with  hot  water  and  the  evaporation  repeated.  The  platinum 
basin  was  then  transferred  onto  a  sand  bath,  where  the  oxalic  acid  fused  and  started  to  decompose.  Oxalic  acid  was 
finally  removed  and  decomposed  on  a  flask  heater  at  250°. 

Hot  water  was  added  to  the  dry  residue,  and  5-6  ml  of  concentrated  HNO3  and  8-10  ml  of  HCIO4  added.  The 
basin  was  placed  on  a  water  bath  and  evaporated  until  perchloric  acid  fumes  started  to  come  off;  it  was  then  placed 
on  a  sand  bath  on  which  the  residue  was  evaporated  to  a  moist  state.  On  cooling  the  basin,  the  mass  was  extracted. 

A  slight  excess  of  perchloric  acid  is  necessary  for  preventing  formation  of  basic  salts. 

The  residue  was  dissolved  in  hot  water,  transferred  to  a  beaker,  and  boiled  for  2-3  min.  Traces  of  silica,  and 
other  insoluble  acids  which  may  be  present  (titanic,  niobic,  tantalic  acids  etc.)  were  filtered  off.  A  further  5-6  ml 
of  HCIO4  was  added  to  the  solution  in  order  to  ensure  complete  removal  of  nitric  acid  and  to  obtain  pure  perchlorates. 
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The  solution  was  again  evaporated  In  succession  on  a  water  bath  and  on  a  sand  bath  to  the  moist  salt  stage,  the 
salts  were  treated  with  a  few  25-30  ml  portions  of  ethanol  (rectified)  containing  HCIO4  (400  ml  of  C2H5OH  +  2  ml 
of  4070  HCIO4).  The  ethanol  solution  of  the  perchlorates  was  poured  off  through  a  filter.  The  total  volume  of  etha¬ 
nol  was  about  100  ml.  The  residue  consisting  in  the  main  of  KCIO4,  in  the  beaker  and  on  the  filter,  was  dissolved 
in  hot  water,  0.05-1.0  ml  of  HCIO4  was  added  to  the  solution,  and  the  solution  again  evaporated  to  the  moist  salt 
state,  the  salts  were  again  treated  6-8  times  with  absolute  ethanol  containing  HCIO4,  smaller  portions  of  the  ethanol 
solution  being  used  this  time.  The  KCIO4  precipitate  was  dissolved  in  water  and  transferred  to  a  small  tared  platinum 
basin.  The  solution  was  evaporated  to  dryness  on  a  water  bath.  Potassium  perchlorate  was  finally  dried  for  30  min 
in  an  oven  at  350*  and  weighed.  The  conversion  factor  to  potassium  is  0.2822.  A  complete  analysis  takes  10-12  hr. 

Isotope  dilution  method.  Potassium  enriched  with  to  the  extent  of  about  100  times  was  used  as  the  stable 
Indicator.  The  amount  of  potassium  mj  in  the  test  sample  is  found  by  means  of  the  formula: 


_  Mo  .  1  +  tio 

/Ho  =  fn^*  ___ 

no  —  1  -r  n„ 


(1) 


where  mjj  is  the  amount  of  indicator  with  a  ratio  of  the  isotopes  K^®/K^  =  np,  n^,  is  the  ratio  of  K*^/K^  in  the  sample 
n^  is  the  same  ratio  for  the  mixture,  and  is  the  atomic  weight  of  potassium  in  the  sample  and  in  the  indicator. 

In  order  to  determine  potassium  with  a  relative  error  of  about  37o  the  values  of  the  ratios  of  the  Isotopes  should 
be  known  to  an  accuracy  of  down  to  ITo.  Published  results  on  the  Isotopic  composition  of  reagent  and  natural  potas¬ 
sium  are  contradictory. 

According  to  results  given  by  various  authors,  the  value  of  K^Vk^  changed  in  the  samples  tested  from  12.6  to 
14.6  [3-14]. 

However,  as  shown  in  [13]  and  [14],  the  scatter  of  the  results  is  not  caused  by  the  natural  fractionation  of  the 
isotopes.  Various  research  workers  have  used  different  ion  sources  for  ionizing  the  potassium:  1)  a  ribbon  ionizer  with 
a  very  thin  layers  of  potassium  salts  or  oxide  amounting  to  ^10  ®  g;  2)  a  ribbon  with  a  dense  solid  or  fused  salt,  or 
with  oxide,  amounting  to  n*10“*  g;  3)  a  pure  or  oxidized  metal  surface  saturated  with  potassium;  4)  metallic  potas¬ 
sium  or  its  oxide  as  vapor. 

In  the  case  of  a  source  of  type  1,  the  value  of  changes  according  to  a  law  similar  to  the  law  of  molec¬ 

ular  diffusion  of  a  gas  through  an  aperture  into  a  vacuum.  Discrimination  according  to  the  masses  corresponding  to 
the  value  ^39/ 41  occurs.  The  measured  ratio  decreases  with  time  during  an  experiment. 

When  using  ionic  sources  types  2  and  3  the  main  role  is  played  by  diffusion  inside  the  melt  or  crystalline  lattice. 
When  >  10'^  g  potassium  is  placed  on  the  ribbon,  the  ratio  changes  regularly  with  time  up  to  the  point  at 

which  an  equilibrium  state  is  reached  [10,  13,  14].  On  placing  10  ®  —  10  ^  g  of  pure  potassium  salt  on  the  ribbon  it 
was  found  that  the  change  in  the  ratio  during  an  experiment  is  less  than  l^o.  We  took  this  into  account  when 

placing  the  sample  on  the  ribbon. 

Measurements  were  made  on  the  standard  MI-1305  mass-spectrometer.  A  single  beam  method  of  measurement 
was  adopted.  Surface  ionization  on  tungsten  was  used.  Tungsten  ribbons,  as  was  established,  contain  a  relatively 
large  amount  of  potassium  which  gives  rise  to  a  "background"  to  the  39  and  41  masses.  In  order  to  purify  the  ribbons 
they  were  calcined  beforehand  for  2-3  hr  outside  the  mass-spectrometer  at  1450"  in  a  vacuum  of  about  10"®  mm  Hg. 

Before  each  experiment  the  ion  source  was  carefully  washed  in  270  HCl  solution,  distilled  water,  and  ethanol. 

As  a  rule,  after  calcining  the  ribbons  and  washing  them,  the  background  did  not  exceed  O.I70  of  the  values  of  the 
K®®  and  peaks.  A  few  drops  of  the  test  solution  of  K2SO4  was  then  placed  on  a  tungsten  ribbon.  The  ribbon  was 
dried  under  an  infrared  lamp,  after  which  the  ion  source  was  placed  in  the  mass-spectrometer.  About  5*  10”®  g  of 
potassium  is  required  for  an  analysis.  Thirty-fifty  measurements  of  the  ratios  of  the  K®®  and  Isotopes  were  made 
in  each  experiment. 

Determinations  of  the  ratio  K®®/K^  in  potassium  from  reagents  were  also  made,  an  oven  ion  source  and  ioniza¬ 
tion  with  electrons  being  used.  A  value  of  13,95  was  obtained.  This  does  not  differ  appreciably  from  the  result  found 
on  using  the  surface  ionization  method  (Table  1). 

It  is  clear  from  Table  1,  that  the  isotopic  composition  of  potassium  was  identical  in  all  the  natural  samples  we 
measured,  and  coincided  with  the  isotopic  composition  of  reagent  potassium:  K®®/K'*®  =  13.92  +  0.09,  This  value  does 
not  differ  from  that  of  Reutersward  which  he  obtained  under  similar  measurement  conditions  —13,88  +  0.07  [13], 


An  Indicator  solution  (K^Cl)  of  known  concentration  was  prepared  for  quantitative  determination.  For  this  pur¬ 
pose  a  subsidiary  solution  of  reagent  K2SO4  was  prepared.  It  was  standardized  gravlmetrlcally;  aliquots  of  the  solu¬ 
tion  were  accurately  weighed  out,  evaporated  to  dryness,  and  the  weight  of  dry  salt  determined. 

Weighed  volumes  of  the  subsidiary  solution  and  the  indicator  potassium  solution  were  then  mixed.  From  the 
measured  Ratio  in  the  mixed  solution  It  was  possible  to  calculate  the  titer  of  the  solution  of  the  Indicator 

potassium  solution. 


TABLE  1 


Sample 

k”/k" 

Sample 

k’Vk" 

Reagent  K2SO4 

13.92  ±  0.09 

Beryl  B 

13.84  ±  0.10 

Reagent  KCl 

Tourmaline  A 

13.80  ±  0.08 

(Oven  source) 

13,95  ±  0.07 

Beryl  K-300 

13.80  ±  0.10 

Beryl  993 

14.10  t  0.10 

Muscovite  K-300 

13.77  i  0.08 

The  procedure  adopted  for  the  isotope  dilution  technique  was  as  follows:  decomposition  of  an  aliquot  with  am¬ 
monium  fluoride  was  carried  out  as  Indicated  above.  An  accurately  weighed  amount  of  the  Indicator  solution  was 
added  to  the  basin  containing  the  sinter. 

For  establishing  the  amount  of  Indicator  solution  that  should  be  added,  the  following  fact  should  be  borne  In 
mind.  The  error  In  determining  the  amount  of  potassium  In  a  sample  Is  given  by  the  expression  (obtained  as  usual 
from  formula  1): 


Arno  _  ^  (1  +  n^)  An,,  (2^0 -n,  ]-  1)-An,,  ^ 


where  T^  is  the  titer  of  the  Indicator,  Bn  Is  the  weight  of  Indicator  solution  taken.  The  value  of  ABn/Bn  Is  much 
less  than  the  sum  of  the  remaining  terms  on  the  right  hand  side  of  expression  2.  Variations  In  the  error  In  weighing 
the  indicator  solution,  for  different  value  of  Bn,  do  not  affect  the  total  error  Am.  Accordingly,  for  a  given  Indicator 
with  a  titer  Tn  and  under  conditions  such  that  Uq  =  const  an  nn  =  const  the  error  In  determining  potassium  is  only  a 
function  of  one  term  nc.  The  function  Am/mo  “  K^c)  which  we  calculated  Is  shown  graphically  In  the  diagram. 
Analysis  of  this  curve  shows  that  the  minimum  error  In  determining  potassium  Is  observed  under  conditions  for  which 
the  ratio  of  the  isotopes  K®®  and  in  a  mixture  is  near  1  (nc  about  1).  For  the  range  0.4  Snc  — 5,  the  error  does  not 
exceed  ±  2.5'yo.  Starting  with  a  natural  sample,  one  can  get  a  rough  (with  an  accuracy  of  an  order)  Idea  of  Its  ex¬ 
pected  potassium  content,  and  thereby  take  a  suitable  amount  of  Indicator  solution  so  that  the  condition  0.4:Sng:S5 
Is  obeyed.  After  adding  the  Indicator  to  the  basin,  oxalic  acid  was  added.  The  subsequent  procedure  was  the  same 
as  that  described  above,  the  only  difference  being  that  the  yield  of  potassium  may  be  less  than  100<yo. 


in  a  mixture 


The  relationship  between  the  error  In  determining  potassium 
and  the  ratio 
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The  perchlorates  obtained  during  the  final  analytical  stage  were  converted  to  the  sulfates  In  the  platinum  basin. 
The  sulfuric  acid  was  carefully  removed  by  heating.  A  few  drops  of  water  when  then  added  to  the  contents  of  the 
basin.  The  solution  was  placed  on  the  ribbon  of  the  ion  source  by  means  of  a  capillary. 

The  reproducibility  of  the  experimental  results  obtained  by  the  Isotope  dilution  method  are  Illustrated  In  Table  2. 
TABLE  2. 


Sample  (weight  ' 
1  g) 

Amt.  of 
indicator 
solution 
added,  g 

k’Vk" 

K.<7o 

■ 

Error,  ‘^o 

DlabaseK?  2062 

0,9228 

3,31 

0,294 

0,294+0,001 

±0,3 

Ns  2062 

0,8526 

3,59 

0,295 

>v 

No  2177 

0,7148 

3,34 

0,226 

0,224±0,002 

+0,9 

» 

No  2177 

0,7002 

3,37 

0,222 

No  2101 

0,6508 

3,83 

0,257 

0,255±0,002 

±0,8 

» 

Ns  2101 

0,9460 

2,90 

0,253 

Ns  2247 

0,6480 

2,17 

0,116 

0,114:1-0,002 

±1,8 

» 

Ns  2247 

0,8744 

1,64 

0,112 

» 

Ns  2247 

0,7082 

1,86 

0,115 

Ns  2159 

0,8404 

3,85 

0,319 

Ns  2159 

0,5954 

2,92 

0,339 

0,329  ±0.007 

+2,1 

» 

Ns  2159 

1,221 

2,80 

0,329 

Tourmaline  A 

1,2481 

2,31 

0,237 

0,242±0,005 

±2.1 

> 

1,5990 

1,94 

0,247 

Beryl 

K-300 

1,1014 

1,56 

0,117 

0,116±0,001 

±0,9 

1,0216 

1,63 

0,114 

TABLE  3 


Sample 

K  found,  <70 

by  the  perchlorate  method  | 

mass-spectrometric 

method 

decomposition 

with 

HF  +  H,C,0^ 

decomposition  wit! 

with 

NH.F+  H,C70| 

Diabase  Ns  2177 

»  Ns  2101 

»  Ns  2247 

»  Ns  2159 

Tourmaline  A 
»  1551 

Beryl  K-300 
»  Ns  993 
»  B 

0,26±0,02 
0,23±0,02 
0,11±0,02 
0,31  ±0,02 

0,20±0,02 

0,21±0,02 

0,09±0,02 

0,15±0,02 

0,22±0,02 

0,224±0,0O2 
0,255+  0,002 
0,114±0,002 
0,329±0,007 
0,242+0,005 
0,218+0,004 
0,116±0,001 
0,145±0,003 
0,206±0,006 

The  potassium  contents  given  in  Table  2  have  been  corrected  for  the  amount  of  potassium  In  the  reagents.  In 
the  case  of  diabases  the  correction  was  about  I'Ve  of  the  potassium  content.whlleforberylsandtourmalines  It  amounted 
up  to  15ojt. 

Results  of  the  determination  of  potassium  In  minerals  by  two  methods  —  chemical  and  mass-spectrometrlc  — 
are  compared  In  Table  3. 

The  slight  scatter  in  the  results  obtained  by  the  two  methods  can  be  explained  by  the  Insufficient  accuracy  of 
the  chemical  method  at  low  potassium  contents  In  the  minerals.  It  Is  obvious  that  the  results  obtained  by  the  Isotope 
dilution  method  are  more  reliable. 

Potassium  was  also  determined  by  Isotope  dilution  in  mica  with  a  known  potassium  content.  Chemical  and 
mass-spectrometrlc  determinations  gave  results  in  satisfactory  agreement  with  each  other. 

In  muscovite  K  =  300,  the  amount  of  potassium  determined  chemically  was  8.28  and  8.30‘7o,  while  by  the  mass- 
spectrometrlc  method  the  value  found  was  8.13  and  8.36'yfl. 
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In  conclusion  we  should  like  to  thank  E,  K.  Gerling  and  M.  L.  Vashchenko  for  their  continued  interest  and  their 
help  in  the  work. 

SUMMARY 

A  method  used  for  the  quantitative  chemical  decomposition  of  tourmalines  and  beryls  which  are  difficult  to 
breakdown  has  been  improved;  the  improved  method  ensures  complete  separation  of  potassium  for  analysis. 

It  has  been  shown  that  a  mass-spectrometric  method  is  suitable  for  the  quantitative  determination  of  potassium 
in  minerals  at  a  potassium  concentration  in  the  latter  of  less  than 
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Scandium  has  a  clearly  expressed  affinity  toward  phosphate  ions.  It  forms  sparingly  soluble  compounds  with 
different  phosphoric  acid  derivatives.  Vickery's  work  [1]  which  involved  the  use  of  the  radioactive  isotope  Sc^,  has 
shown  that  of  all  phosphoric  acid  derivatives,  only  dlsodium  and  phosphates  and  phytin  precipitate  scandium  quan¬ 
titatively.  Vickery  has  also  shown  that  scandium  is  not  precipitated  quantitatively  as  its  hydroxide,  oxalate,  carbo¬ 
nate,  or  fluoride.  Sodium  pyrophosphate  suggested  by  Beck  [2],  and  subsequently  studied  in  detail  by  Petru  [3], does 
not  give  satisfactory  results,  since  the  precipitate  partially  dissolves  in  excess  of  reagent,  and  hydrolyzes  during  wash¬ 
ing.  Organic  derivatives  of  pyrophosphoric  acid,  such  as  phytin,  salts  of  the  ester  of  aneurlnepyrophosphoric  acid  and 
adenyltriphosphoric  acid  [4]  form  very  sparingly  soluble  neutral  salts  with  scandium.  When  precipitation  is  carried 
out  with  the  reagents  indicated,  gravimetric  forms  are  not  obtained;  these  reagents  are  only  used  for  separating  and 
detecting  scandium. 

Recently,  Bomberger  [5]  suggested  hypophosphorlc  acid  for  the  quantitative  isolation  and  gravimetric  deter¬ 
mination  of  scandium.  Materials  which  oxidize  hypophosphorlc  acid,  particularly  nitrate  ions,  interfere. 

Phenylphosphinic  acid,  the  reagent  which  we  should  like  to  suggest,  permits  scandium  to  be  precipitated  quan¬ 
titatively,  while  the  precipitates  obtained  can  be  weighed  after  they  have  been  dried  at  120% 


TABLE  1.  Composition  of  the  Precipitate  of  Scandium  Phenylphosphinate 


Sc,(C,H,PO,),  3H,0 

Content,  ‘7o  | 

Sc,(C.H,P0,),-3H,0 

Content,  % 

calc. 

lysis  analysis 

calc. 

ly  chemi-lby  thermo 
sal  ana-  Igravimetr 
Ivsis  lanalysls 

C 

35,29 

34,5 

35,6 

H 

3,44 

3.7 

P 

15,18 

15,1 

0 

31,36 

Sc 

14,73 

14,5 

HaO 

8,82 

8,9 

a, 

WO 

o 

a— 

4)  X) 
0.2 

so 

- 

o  2 

so 

- 

(/5 

70 

0.007 

0.0! 

Excess  reagent 


Fig.  1.  Completeness  of  precipi¬ 
tation  of  scandium  as  a  function 
of  acid  concentration. 

Phenylphosphinic  acid  C6H5PO(OH)2  reacts  with  scandium  in  an  acid  medium  to  form  a  white  amorphous  pre¬ 
cipitate,  which  is  soluble  in  dilute  sulfuric  acid,  concentrated  nitric  and  hydrochloric  acids,  and  also  in  a  saturated 
oxalic  acid  solution.  Phenylphosphinic  acid  gives  a  visible  turbidity  at  a  scandium  concentration  as  low  as  15  pg 
Sc/ml, 


Fig.  2.  Effect  of  excess  reagent  on 
precipitation  of  scandium. 
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The  solubility  of  scandium  phenylphosphlnate  is  less  than  that  of  scandium  phytate,  and  is  equal  to  10"^M. 

A  photometric  method  with  xylenol  orange  was  used  for  determining  the  solubility  of  the  precipitate  in  water. 

The  composition  of  the  air-dry  precipitate  os  candlum  phenylphosphinate  was  established  by  thermogravl- 
metrlc  and  chemical  analysis  (Table  1).  The  thermogram  shows  that  the  water  is  combined  in  a  stoichiometric 
proportion  in  the  precipitate  of  scandium  phenylphosphinate,  while  it  also  shows  that  the  weight  of  the  precipitate 
remains  constant  over  the  range  140-240°,  the  precipitate  starts  to  decompose  at  250°;  Sc(HP04)3  is  formed  at  900*. 

The  fact  that  the  composition  of  the  precipitate  remains  constant,  and  the  fact  that  the  precipitate  readily 
looses  its  water  of  crystallization  at  120-160°  mean  that  Sc2(C6H5P03)3  can  be  weighed  directly  (conversion  factor 
0.1616). 

TABLE  2.  Precipitation  of  Scandium  with  Phenylphosphlnlc  Acid 


Sc,  mg  1 

Error, 

mg 

Media 

taken  | 

found 

5,91 

5,90 

—0,01 

0.1  N  HCl  or  HNO3 

7,24 

7,20 

—0,04 

11,82 

11,78 

—0,04 

5,91 

5,88 

-0,03 

0.1  N  HCl  and  a  2'^c  solution  of 
tartaric  acid 

7,24 

7,22 

—0,02 

11,82 

11,79 

—0,03 

2,95 

2,89 

—0,06 

0.1  N  HCl  and  a  2‘’/c  solution  of 
citric  acid 

5,91 

5,90 

—0,01 

7,24 

7,20 

—0,04 

TABLE  3.  Determination  of  Scandium  in  the  Presence  of  the  Rare  Earths 


Ratio  Sc; 

1  Sc.  mg 

Error, 

Ratio  Sc;  1 

I  Sc,  mg  I 

Error, 

rare  earths 

1  taken 

1  found 

mg 

rare  earths 

I  taken 

found 

mg 

1  ;  10 

5,91 

7,24 

11,82 

5,94 

7,30 

11,82 

-f-0,03 

+0,06 

0,00 

1  :  100 

2,95 

5,94 

7,24 

3,04 

5,94 

7,23 

+0,09 

0,00 

-0,01 

In  order  to  establish  the  optimum  conditions  for  precipitating  scandium  with  phenylphosphlnlc  acid  we  in¬ 
vestigated  the  effect  of  the  concentration  of  various  mineral  acids.  For  this  purpose  various  amounts  of  hydrochloric 
or  nitric  acid  were  added  to  a  standard  hydrochloric  acid  solution  of  a  scandium  salt,  the  solution  was  diluted  to  50 
ml  and  heated  almost  to  the  boll,  and  scandium  was  then  precipitated  with  a  l<yo  solution  of  phenylphosphlnlc  acid. 
Solution  plus  precipitate  were  kept  on  a  water  bath  for  15-20  min,  and  the  precipitate  filtered  off  through  a  No.  4 
filter  crucible,  and  washed  with  a  hot  l^yo  ammonium  nitrate  solution  and  then  with  ethanol.  The  precipitate  was 
dried  at  120-140°  and  weighed  as  SC2(C6H5P03)3.  On  the  basis  of  the  results  obtained  (Fig.  1),  it  was  established  that 
precipitation  should  be  carried  out  from  0.1  N  hydrochloric  or  nitric  acid.  At  lower  acidities  scandium  is  still  pre¬ 
cipitated  quantitatively,  but  precipitates  of  variable  composition  are  formed.  This  is  explained  by  the  tendency  of 
the  scandium  ion  to  hydrolyze  and  to  form  polymeric  ions  [6].  In  the  precipitates  obtained  at  pH  4  and  pH  1,  the 
ratio  of  Sc  to  P  is  2;  2.4  and  2:3  respectively.  Completeness  of  scandium  precipitation  was  controlled  by  spectro- 
graphlc  analysis  of  the  filtrates.  Scandium  phenylphosphinate  does  not  dissolve  in  the  presence  of  excess  reagent; 
it  is  sufficient  to  take  a  twofold  excess  of  reagent  for  quantitative  precipitation  of  scandium  (Fig.  2).  Tartrates  and 
citrates  do  not  interfere  with  precipitation  (Table  2). 

On  precipitating  scandium  in  the  presence  of  large  amounts  of  the  rare  earths  high  results  were  obtained  as  a 
result  of  the  coprecipitation  of  the  latter,  despite  the  fact  that  the  rare  earths  are  not  precipitated  by  phenylphos- 
phinic  acid  from  0.1  N  hydrochloric  acid  solutions.  Tartaric  and  citric  acids  prevent  copreclpltatlon  of  the  rare 
earths. 

Scandium  was  precipitated  as  follows  in  the  presence  of  the  rate  earths.  Tartaric  (or  citric)  acid  was  added  to 
the  test  solution  in  such  amount  that  its  concentration  in  the  final  solution  was  2<%,  hydrochloric  acid  was  then  added 
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until  the  pH  was  1,  the  solution  was  diluted  to  50  ml  and  was  heated  almost  to  the  boll  when  the  scandium  was  pre¬ 
cipitated  with  a  \<%  solution  of  phenylphosphlnlc  acid.  The  results  obtained  are  given  In  Table  3. 

The  alkali  and  alkaline  earth  elements,  zinc,  nickel,  cobalt,  cadmium,  and  copper  do  not  Interfere  with  sand- 
lum  determination.  Elements  such  as  zirconium,  thorium  [7],  niobium,  tantalum,  hafnium,  and  titanium  are  pre¬ 
cipitated  together  with  scandium  from  strongly  acid  solutions. 

In  the  presence  of  oxalate  Ions,  when  the  stable  anions  [50(0204)3]*”  are  formed,  phenylphosphlnlc  acid  does 
not  precipitate  scandium,  it  does,  however,  precipitate  zirconium,  but  not  quantitatively. 

SUMM  ARY 

Phenylphosphlnlc  acid,  which  forms  a  precipitate  having  the  composition  Sc2(C5H5P03)8*  3H2O  with  scandium. 
Is  suggested  for  the  determination  of  the  latter.  The  form  In  which  It  is  weighed  Sc2(C6H6P03)s  is  obtained  after 
drying  the  precipitate  at  120-160*.  In  the  presence  of  tartaric  or  citric  acid,  phenylphosphlnlc  acid  can  be  used  for 
separating  scandium  from  the  rare  earths. 
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Solutions  of  divalent  vanadium  salts  can  be  t^d  for  the  potentiometric  determination  of  a  series  of  cations  [1]. 
On  the  basis  of  the  values  of  the  normal  potentials  V*^/V*^  =  -0.20  v  and  T1*‘'’/T1'’’  =  +1.22  v,  one  can  assume  that 
trlvalent  thallium  should  be  reduced  by  solution  of  divalent  vanadium  salts.  The  present  article  is  devoted  to  the 
results  obtained  during  a  study  of  the  stoichiometric  ratios  during  the  Interaction  of  trivalent  thallium  and  divalent 
vanadium,  while  the  possibility  is  demonstrated  of  using  the  latter  for  the  quantitative  determination  of  thallium. 


EXPERIMENTAL 

A  VCI2  (or  VSO4)  solution  was  prepared  by  reducing  ammonium  vanadate  with  amalgamated  zinc.  An  acid 
solution  of  a  divalent  vanadium  salt  keeps  its  titer  for  more  than  20  days  in  the  apparatus  described  by  Busev  and 
Li  Gyn  [2].  The  VCI2  solution  was  standardized  potentiometrically  against  bismuth  oxide.  A  solution  of  a  trivalent 
thallium  salt  was  prepared  by  dissolving  a  known  amount  of  thallous  acetate  in  water  and  acidifying  the  solution 
with  sulfuric  acid.  The  univalent  thallium  was  oxidized  with  free  chlorine,  excess  of  which  was  removed  by  boiling. 
The  solution  obtained  was  diluted  with  water  in  a  standard  flask,  and  its  concentration  determined  by  means  of  dl- 
antlpyrylmethane  [3]. 

Potentiometric  titration  was  carried  out  on  a  P-4  potentiometer,  the  reference  electrode  was  a  saturated  calo¬ 
mel  electrode,  while  the  indicator  electrode  was  a  platinum  wire.  During  thallium  determination  the  vanadium 
solution  was  added  from  a  microburet  with  scale  divisions  of  0.02  ml. 

As  experiment  showed,  trivalent  thallium  oxidizes  divalent  vanadium  to  the  trivalent  state.  During  potentio¬ 
metric  titration  of  a  known  volume  of  a  trivalent  thallium  salt  solution  with  a  solution  of  divalent  vanadium  chloride 
or  sulfate  in  a  CO2  atmosphere,  at  room  temperature,  a  sharp  potential  jump  (up  to  600  mv)  is  observed  at  the  end 
point.  Satisfactory  results  were  obtained  on  titrating  solutions  of  trivalent  thallium  salt  with  0.05  N  VCI2  In  a  medium 
of  6-10  N  hydrochloric  or  sulfuric  acid  (Table  1). 

On  the  basis  of  the  results  obtained  the  following  potentiometric  method  has  been  developed  for  the  determina¬ 
tion  of  trivalent  thallium. 

Concentrated  HCl  or  H2SO4  is  added  to  a  solution  containing  a  trivalent  thallium  salt  until  the  acid  concen¬ 
tration  is  6-10  N;  CO2  Is  bubbled  through  the  solution  which  is  titrated  with  0.05  N  VCI2  solution  until  the  platinum 
electrode  gives  a  potential  jump.  Large  amounts  of  Cd,  Zn,  and  Pb  (Table  2)  do  not  Interfere  with  determination 
of  thallium.  Precipitation  of  PbCl2  does  not  interfere  with  titration.  Fe*^  and  Cu*^  Ions,  and  oxidizing  agents  MnO^ , 
Cr20/~,  S20g*”  etc.)  interfere. 

Determination  of  thallium  in  bricketted  cadmium.  An  aliquot  of  cadmium  (1.0-1. 5  g)  is  dissolved  in  10  ml 
of  2  N  H2SO4  and  1  ml  of  concentrated  HNOs.  The  solution  is  heated  on  a  sand  bath  until  the  nitrogen  oxides  have 
been  removed,  and  the  univalent  thallium  is  oxidized  with  chlorine  or  ammonium  persulfate.  Excess  oxidizing  agent 
is  removed  by  heating,  HCl,  or  H2SO4  is  added  until  the  requisite  acid  concentration  is  obtained,  and  the  solution 
titrated  potentiometrically  with  0.05  N  VCI2  solution. 

Determination  of  thallium  in  slag.  An  aliquot  of  slag  is  dissolved  in  10-15  ml  of  0.5  N  HNOs,  the  thallium 
is  oxidized  to  its  trivalent  state  in  which  it  is  titrated  with  VCI2  solution. 
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In  order  to  check  on  the  accuracy  of  the  results  obtained,  after  the  end  point  had  been  reached  a  known  amount 
of  a  standard  solution  of  trivalent  thallium  was  added  and  titration  continued.  Results  of  such  determinations  are 
given  in  Table  3. 


TABLE  1.  Potentlometric  Determination  of  Trivalent  Thallium  with  VCI2 
Solution 


Thallium,  mg 

Error,  mg 

Thallium,  mg 

Error,  mg 

taken 

found 

taken 

found 

5,14 

5,13 

-0,01 

2.57 

2,60 

4-0,03 

5,14 

5,19 

4-0.05 

2,. 57 

2,57 

0 

4,12 

4,10 

-0,02 

1,03 

1,06 

4-0,03 

4,12 

4,11 

-0,01 

1,03 

1,03 

0 

TABLE  2.  Determination  of  Thallium  in  the  Presence  of  Foreign  Cations 


Taken,  mg 

Ratio  Tl;  Me 

n found, 
mg 

Error,  mg 

T1 

Cd 

Zn 

Pb 

5,14 

500 

1  ;  100 

5,09 

-0,05 

2,57 

250 

— 

— 

1  :  100 

2,54 

-0,0.3 

3,86 

1150 

— 

— 

1  :  .300 

3,82 

-0,04 

2,57 

1.500 

— 

— 

1  :  600 

2,60 

4-0.03 

2„57 

3000 

— 

— 

1  : 1200 

2,64 

4-0,07 

3,86 

— 

2300 

— 

1  :  600 

3,86 

0 

5,14 

— 

— 

2600 

1  ;  500 

5,13 

—0,01 

2,06 

600 

600 

600 

1  :  300  :  300  :  300  (1  :  900) 

2,11 

4-0,05 

2,06 

400 

400 

400 

1  :  200  ;  200  :  200  (1  ;  600) 

2,05 

-0,01 

TABLE  3.  Determination  of  Thallium  in  Technical  Materials 


Sample 

Wt.  of 
sagiple. 

Tl  found, 

% 

Tl added, 

-yo 

Amt,  ofTl 
that  should 
be  present 

Tl 

found 

Error,  *70 

Brickettcd  catinuum  (con- 

(  1,.3062 

0,13 

0,.32 

0,45 

0,43 

—0,02 

raining  0.15*70  Tl  accord- 

1 ,4028 

0,17 

0,15 

0,.32 

0,.32 

0 

to  plant  analysis) 

1  1,2216 

0,17 

0,42 

0,59 

0,.58 

-0,01 

1  0,2142 

1,16 

0,96 

2,12 

2,15 

4-0,03 

Slag 

1  0,2.344 

1,28 

1,62 

2,90 

2,89 

—0,01 

1  0,2308 

1,21 

1,50 

2,71 

2,68 

—0,03 

Z 

ml  VCI2 


Titration  of  a  mixture  of 
3.01  g  of  thallium  and  3.14 
mg  of  bismuth.  2.98  mg 
thallium  and  3.14  mg  bis¬ 
muth  found. 


Determination  of  thallium  In  the  presence  of  bismuth.  We  have  already  pointed 
out  [1]  that  bismuth  can  be  quantitatively  determined  by  means  of  divalent  vanadium. 
Despite  the  fact  that  bismuth  Is  quantitatively  separated  by  divalent  vanadium  from 
concentrated  hydrochloric  acid,  nevertheless  a  sharp  potential  jump  Is  observed  during 
potentlometric  titration  in  a  medium  of  1-3  N  acid. 

Bearing  In  mind  the  oxidation  potentials  of  thallium  and  bismuth,  one  might 
expect  that  at  an  appropriate  acidity,  thallium  should  be  reduced  first  and  then  bis¬ 
muth.  The  technique  for  determining  thallium  and  bismuth  successively  reduces  to 
the  following.  To  a  solution  of  a  trivalent  thallium  salt  was  added  a  known  volume 
of  a  bismuth  salt  solution  (or  BI2O3),  and  the  acidity  of  the  solution  adjusted  to  the 
requisite  value  (6-10  N)  for  determination  of  thallium  by  means  of  sulfuric  or  hydro¬ 
chloric  acid.  Titration  was  carried  out  with  0.05  N  VCI2  until  the  first  potential  jump 
was  obtained.  The  solution  was  then  diluted  approximately  three  times  with  water 
and  titration  continued  to  the  second  potential  jump  corresponding  to  completion  of 
reduction  of  bismuth.  Since,  during  the  titration  of  small  amounts  of  thallium  with 
0.05  N  VCI2  solution,  a  microburet  must  be  used  in  order  to  attain  the  highest  accuracy, 
while  the  bismuth  content  may  be  many  times  greater  than  that  of  thallium,  after  the 
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fint  potential  jump  (determination  of  thallium)  It  Is  best  to  continue  titration  with  0.1  N  VClj  solution  measured 
out  from  a  macroburet  (determination  of  bismuth).  The  presence  of  large  amounts  of  Cd,  Zn,  and  Pb  do  not  Interfere 
with  determination  of  thallium  In  bismuth.  Results  of  these  determinations  are  given  In  Table  4.  The  titration  curves 
are  shown  In  the  diagram. 


TABLE  4.  Determination  of  Thallium  and  Bismuth  In  Each  Others  Presence 


No. 

Taken, 

mg 

Found,  mg  ] 

Error,  mg 

T1 

Bi 

Tl  1 

Bi  1 

Tl 

BI 

1 

3,01 

3,14 

2,98 

3,14 

-0,03 

0 

2 

2,. 57 

3,40 

2,62 

3,54 

-f0,05 

+0,05 

3 

1  ,.51 

301,5 

1,53 

299,7 

+0,02 

-1,8 

4* 

1,51 

1.50,8 

1,57 

151,1 

+0,06 

—0,3 

•  160  mg  Pb,  160  mg  Cd,  and  160  mg  Zn  were  added  to  the  amounts  of  T1 
and  Bl  Indicated. 

We  should  like  to  thank  V,  G.  Tlptsova  a  co-worker  In  Moscow  University  for  her  gift  of  bricketted  cadmium 
and  slag. 

SUMMARY 

It  has  been  established  that  trlvalent  thallium  can  be  determined  potentlometrlcally  by  titration  with  a  solu¬ 
tion  of  a  divalent  vanadium  salt  in  6-10  N  hydrochloric  (sulfuric)  acid. 

A  method  has  been  developed  for  the  successive  determination  of  thallium  and  bismuth  in  each  others  presence. 

Large  amounts  of  Zn,  Cd,  and  Pb  do  not  interfere  with  thallium  determination.  The  method  can  be  used  for 
analysis  of  Industrial  materials. 
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Compound  of  metals  with  trlhydroxyglutaric  acid  have  been  studied  to  a  limited  extent.  Fallkov,  Grlgor’eva, 
and  Davldenko  [1-7]  have  studied  the  compounds  of  trlhydroglutarlc  acid  with  Iron,  copper,  nickel,  cobalt,  gallium, 
nd  lanthanum,  and  have  shown  that  the  cations  of  trlvalent  elements  can  form  electroneutral,  cationic,  and  anionic 
complexes  with  trlhydroxyglutaric  acid.  Davldenko  [8]  has  studied  the  complex  forming  behavior  of  Indium  with 
trlhydroxyglutaric  acid  by  potentlometrlc  titration,  by  measuring  the  electrical  conductivity,  and  polarographlcally. 

The  results  of  the  polarographic  study  are  only  dealt  with  briefly  In  his  article.  The  aim  of  our  work  was  an  all¬ 
round  study  of  the  polarographic  behavior  of  Indium  over  a  wide  pH  range  In  the  presence  of  a  series  of  organic  dl- 
carboxylic  acids  and  hydroxy  acids  [9],  including  trlhydroxyglutaric  acid. 

EXPERIMENTAL 

Indium  perchlorate  was  prepared  by  dissolving  Indium  metal  in  concentrated  perchloric  acid. 

Trlhydroxyglutaric  acid.  We  used  the  optically  inactive  isomer,  xylotrlhydroxyglutaric  acid 

H  OHH 

I  I  I 

HOOC-C— C-C— cool  I 

'  J  I 

OH  H  OH 

The  trlhydroxyglutaric  acid  was  recrystallized  twice  from  water.  The  melting  point  of  the  acid  was  137-139*.  0.5 
M  solutions  of  the  acid  were  prepared  by  dissolving  aliquots. 

Measurements  were  made  on  a  Heyrovsky  automatic  polarograph  (galvanometer  sensitivity  3.83*  lO"®  ampAnmAn) 
at  a  temperature  of  25  t  0.2*.  A  saturated  calomel  electrode  was  used  as  anode.  Since  the  waves  obtained  for  indium 
In  the  presence  of  trlhydroxyglutaric  acid  do  not  have  maxima,  there  is  no  need  to  add  any  surface  active  materials. 

When  the  acidity  of  the  medium  Is  changed  from  pH  1  to  pH  4  (by  addition  of  NaOH  or  HCIO4),  Indium  gives 
well  defined  waves  in  the  presence  of  0.1  M  trlhydroxyglutaric  acid.  The  height  of  the  diffusion  wave  drops  with  in¬ 
creasing  pH  (Table  1);  the  Indium  wave  Is  hardly  noticeable  at  pH  5,  while  at  pH  7.37  upwards  it  disappears  com¬ 
pletely.  Nevertheless,  In  an  alkaline  medium,  in  the  presence  of  excess  sodium  trlhydroxyglutarate,  indium  hydroxide 
Is  not  precipitated  and  the  solution  remains  clear.  At  pH  11  a  wave  appears  again,  but  at  a  more  negative  potential. 
The  half-wave  potential  is  shifted  toward  the  negative  side  with  Increasing  pH  (Table  1,  Fig.  1). 

The  decrease  In  the  indium  wave  height  with  increasing  pH,  and  also  the  fact  that  the  wave  even  disappears 
between  pH  7  and  11,  led  us  to  assume  that  indium  In  the  form  of  some  basic  salt  or  hydroxide  changes  Into  a  col¬ 
loidal  state.  Using  an  ultramicroscope,  we  examined  several  solutions  of  Indium  in  trlhydroxyglutaric  acid  at  various 
pH  values,  and  found  that  in  a  4*  lO”^  M  solution  of  indium  in  0.1  M  trlhydroxyglutaric  acid  large  amounts  of  col¬ 
loidal  particles  could  be  observed.  It  was  found  that  the  concentration  of  colloidal  particles  is  appreciably  greater 
In  solutions  with  pH  6,  7,  9,  and  10  than  in  solutions  with  pH  2  and  3;  this  confirmed  our  assumption  re  the  forma¬ 
tion  of  a  colloidal  solution. 

We  studied  the  relation  between  E  ,  of  indium  and  the  trlhydroxyglutaric  acid  at  pH  2,  3,  and  4.  Since  the 
dissociation  of  trlhydroxyglutaric  acid  clianges  with  changes  In  the  acidity  of  the  medium,  we  calculated  the  per¬ 
centage  composition  ofthe  undissociated  molecules  of  trlhydroxyglutaric  acid  [RH2],  as  well  as  of  uni-  [RH]"  and 
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disubstltuted  [R]*‘  Ions  as  a  function  of  pH  (Table  2).  For  these  calculations  we  used  the  values  of  the  dissociation 
constants  of  trihydroxyglutarlc  acid  found  by  Grigor'eva  [10],  Kj  =  5.1  •10"^  and  K2  =  3  •10"®. 


Fig.  1.  The  change  in  and  in  the  value  of  the  diffusion  current  of  indium 
with  pH,  in  the  presence  of  trihydroxyglutarlc  acid  (0.1  M)  [In^^^]  =  4.10“^  M. 
1)  pH  1.62;  2)  2.33;  3)  2.99;  4)  4.02;  5)  4.41;  6)  4.88;  7)  5.45;  8)  7.36;  9)  pH 
11. 


TABLE  1.  The  Relation  between  Ei  and  the  Values  of  the  Diffusion  Current  and  pH(in 
the  presence  of  Na'*'  or  NH4^) 


pH 

/,  MM 

pH 

b 

/.  MM 

pH 

^  \  i,  MM 

pH 

b 

i,  MM 

1,62 

—0,527 

53 

4,02 

—0,621 

46 

5,45 

—0,715  12 

~  9 

2,33 

-0,555 

52 

4,41 

-0,647 

40 

7,36 

—  — 

~10 

— 

— 

2,99 

—0,580 

49 

4,88 

—0,693 

28 

~8 

—  — 

11 

—1,47 

40 

TABLE  2.  The  Relation  between  E^  and  Trihydroxyglutarlc  Acid  Concen¬ 
tration  at  pH  2,  3,  and  4.  [In’"^]  =  4*10”^  M 


pH 

Cthg’^ 

Crh".  m 

CR2-,M 

Crh-  + 

El  ,  V 

2,00 

0,05 

2,5-10-^ 

7,3-10-« 

—0,548 

2,10 

0,07 

3,4  10-^ 

1,0-10-3 

—0,548 

2,00 

0,10 

4,9-l()-» 

1,5-10-3 

—0,548 

2,00 

0,15 

7,3-10-3 

2,2-10-6 

—0,548 

1,99 

0,20 

9,7-10  3 

2,9-10-3 

—0,548 

2,01 

0,30 

1,5-10-2 

4,4-10-3 

— 0,.552 

2,03 

0,40 

1,9-10-2 

5,8-10-3 

—0,567 

3,01 

0,05 

1,7-10-2 

5,0-10-3 

—0,583 

3,00 

0,07 

2,3-10-2 

7,0-10-4 

—0,583 

3,02 

0,10 

4,0-10-2 

1,0-10-3 

—0,583 

3,00 

0,15 

5,0-10-2 

1,5-10-3 

—0,583 

2,98 

0.20 

7,0-10-2 

2.0- 10- 3 

— 0,.583 

3,01 

0,30 

1,0-10-1 

2,9-10-3 

—0,590 

3,00 

0,40 

1,3-10-1 

3,9-10-3 

—0,590 

3,99 

0,07 

4,7-10-2 

1.4-10-2 

6,0-10-2 

-0,609 

4,01 

0,10 

6,7-10-2 

2,0-10-2 

9,0-10-2 

—0,615 

4,00 

0,15 

1,0-10-1 

3,0-10-2 

1,3-10-1 

-0,622 

4,00 

0,20 

1,3-10-1 

4,0-10-2 

1,7-10-1 

—0,627 

4,02 

0,30 

2,1-10-1 

6,1-10-2 

2,6-10-1 

—0,635 

4,01 

0,40 

2,7-10-1 

8,1-10-2 

3,5-10-1 

-0,642 

The  relation  between  the  half-wave  potential  and  the  trihydroxyglutarlc  acid  concentration  at  pH  2  and  ionic 
strength  n  =  0.32,  at  pH  3  and  ionic  strength  p  =  0.12,  and  also  at  pH  4  and  p  =  0.32  is  given  in  Table  2. 

At  pH  2,  3,  and  4  the  waves  have  the  form  of  waves  corresponding  to  a  reversible  reduction  process  on  the  elec¬ 
trode.  The  reversibility  of  the  process  was  checked  on  the  basis  of  the  constancy  of  the  slope  of  the  straight  lines  to 
the  axes  within  the  coordinates  log  (I/Iq^  —  i)  —  E  and  was  also  checked  on  an  apparatus  constructed  by  Sochevanov 
and  Lyubimova  [11]  using  Kalousek’s  method  [12,  13]  (Fig.  2).  At  pH  3  and  4,  at  a  constant  trihydroxyglutarlc  acid 
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concentration  and  constant  Ionic  strength,  the  value  of  the  diffusion  current  Is  proportional  to  the  Indium  concentra¬ 
tion  In  solution;  accordingly,  indium  can  be  determined  polarographically  In  a  supporting  electrolyte  of  uihydroxy- 
glutarlc  acid. 


Fig.  2,  Verification  of  the  reversibility  of  the  reduction 
process  of  indium  in  the  presence  of  trihydroxyglutaric 
acid  at  pH  4  and  pH  11.  1)  Cathode  wave  at  pH  4;  2) 
reversible  anode-cathode  wave  of  Indium  at  pH  4;  3)  ca¬ 
thode  wave  of  Indium  at  pH  11;  4)  anode -cathode  wave 
of  indium  at  pH  11. 


TABLE  3.  Half-Wave  Potentials  of  Some 
Elements  in  0.1  M  Trihydroxyglutaric 
Acid  at  pH  3* 


Elements 

E  V  (relative  to  the  satu- 
urated  calomel  electrode) 

T|i 

—0,397 

Pb" 

-0,473 

Cd" 

—0,662 

in'”  ' 

—0,610 

As'" 

—0,775 

Al'V 

Not  reduced 

Ga'" 

Not  reduced 

•Tin  (H)  and  antimony  (HI)  hydrolyze  at 
pH  3. 


Fig.  3.  Calibration  curves  for  determina¬ 
tion  of  cadmium  and  indium.  1)  For  in¬ 
dium  at  pH  3;  2)  for  cadmium  at  pH  3;  3) 
for  cadmium  at  pH  9. 


^  Although  the  half-wave  potentials  of  cadmium  and 

indium  are  very  close  in  trihydroxyglutaric  acid  (Table  3), 
we  have  been  able  to  develop  a  method  for  determining  indium  and  cadmium  in  each  others  presence.  According  to 
our  results,  indium  at  pH  8  and  9  in  the  presence  of  ammonium  trlhydroxyglutarate  does  not  give  a  wave,  while  cad¬ 
mium  under  the  same  conditions  gives  a  wave  at  a  potential  of  —0.63  v.  The  solution  containing  a  mixture  of  in¬ 
dium  and  cadmium  salts  in  the  presence  of  trihydroxyglutaric  acid  is  adjusted  to  pH  3  and  the  total  polarographic 
wave  of  indium  and  cadmium  is  taken.  NH4OH  is  then  added  to  the  solution  until  the  pH  is  9  (adjusted  to  a  weak 
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rose  color  of  phenolphthalein)  and  just  the  cadmium  wave  taken.  The  three  following  calibration  curves  are  then  con¬ 
structed:  1)  a  calibration  curve  for  an  indium  solution  at  pH  3;  2)  a  calibration  curve  for  cadmium  at  pH  3;  3)  a  cali¬ 
bration  curve  for  cadmium  at  the  same  concentrations  but  at  pH  9  (Fig,  3).  From  the  wave  height  of  the  test  cadmium 

solution  at  pH  9  and  using  calibration  curve  3,  the  corresponding  cadmium  con¬ 
centration  is  found.  Then,  knowing  the  cadmium  concentration,  the  wave  height 
for  the  given  cadmium  concentration  at  pH  3  is  found  by  means  of  calibration 
curve  2.  Next,  the  cadmium  wave  height  thus  found  is  subtracted  from  the 
total  wave  for  Indium  and  cadmium,  and  the  wave  height  for  indium  deter¬ 
mined.  Finally,  using  calibration  curve  1,  and  knowing  the  height  of  the  in¬ 
dium  wave,  the  indium  concentration  is  found. 

Results  of  such  determinations  are  given  in  Table  4. 

In  an  alkaline  medium  in  the  presence  of  trihydroxyglutarate  at  pH  11, 
an  indium  wave  appears  with  =  —1.47  v.  Under  the  same  conditions,  but 
in  the  absence  of  trihydroxyglutarate,  indium  hydroxide  Immediately  precipi¬ 
tates  out  and  this  precipitate  only  dissolves  In  5  N  NaOH.  The  half-wave  po¬ 
tential  in  this  solution  is  —1.17  v;  this  led  us  to  assume  that  the  indium  wave 
which  appears  in  trihydroxyglutarate  and  which  has  Ei  =  —1.47  v,  is  the  wave 
of  a  very  stable  complex  of  Indium  with  trihydroxyglutarate. 

A  change  in  the  concentration  of  the  trihydroxyglutarate  anion  in  a 
strongly  alkaline  medium  leads  to  a  displacement  of  the  half-wave  potential 
(Table  5). 

We  examined  the  effect  of  a  further  increase  in  NaOH  concentration  on  the  nature  of  the  reduction  of  indium, 
and  found  that  on  changing  the  NaOH  concentration  from  0,5  M  to  5.0  M  the  half-wave  potential  does  not  alter.  The 
wave  height  decreases  to  some  extent  with  increasing  alkali  concentration;  this  is  caused  by  an  increase  in  the  viscos¬ 
ity  of  the  solution. 


TABLE  4.  Polarographic  Determination  of  Indium  and  Cadmium  in  Each 
Others  Presence 


Taken,  mg 

Ratio  by  wt, 

Found,  mg 

Error, 

In 

Cd 

In 

Cd 

In 

Cd 

0,065 

0,065 

1  : 1 

0,061 

0,064 

—6,1 

-1,5 

0,108 

0,109 

1  : 1 

0,103 

0,111 

-4,5 

+  1,8 

0,076 

0,153 

1  :2 

0,074 

0,142 

—2,6 

—7,2 

0,043 

0,174 

1  :  4 

0,041 

0,170 

-4,7 

—2,3 

0,162 

0,109 

1,5:1 

0,165 

0,102 

+  1,9 

-6,4 

0,135 

0,031 

4,5  :  1 

0,125 

0,031 

+7,4 

+0,0 

0,270 

0,031 

9  ;  1 

0,251 

0,031 

-7,0 

±0,0 

2,700 

0,031 

90  : 1 

2,540 

0,031 

-5,9 

±0,0 

TABLE  5,  The  Relation  between  E^  and  Trlhydroxyglutarlc  Acid  Concentration  in  1  N 
NaOH  and  at  fi  =  1.8 


Cr:2-,M  I 

1 

CthG*  ^ 

C„2-.  M 

R^ _ 

0,40 

0,40  1 

—1,50 

0,10 

0,10 

-1,47 

0,20 

0,20 

—1,49 

0,05 

0,05 

—1,46 

In  1  N  NaOH,  for  a  trihydroxyglutaric  acid  concentration  of  0.1  M  and  at  an  ionic  strength  of  |i  =  1.1,  the  linear 
relation  between  the  value  of  the  diffusion  current  and  indium  concentration  is  preserved;  indium  can  therefore  be 
determined  in  such  a  supporting  electrolyte. 

Nevertheless,  the  half-wave  potentials  of  some  ions  in  a  supporting  electrolyte  of  0.1  M  trihydroxyglutaric  acid 
and  1  N  NaOH  (Table  6)  show  that  determination  of  indium  in  the  presence  of  trihydroxyglutaric  acid  in  a  strongly 
alkaline  medium  does  not  have  any  advantages. 


'ogC,,g 


Fig.  4.  The  relation  between  E  i 
for  indium  and  the  logarithm  or 
trihydroxyglutaric  acid  concen¬ 
tration  at  pH  4.  [In^^]  =  4^10"^ 
M;  =  0.32. 
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DISCUSSION 


A  regular  displacement  of  the  half-wave  potential  Ei  of  Indium  with  changes  in  trihydroxyglutaric  acid  con¬ 
centration  is  only  observed  at  pH  4  (Table  2),  A  small  displacement  of  the  half-wave  potential  at  pH  2  and  3  is 
only  observed  at  trihydroxyglutaric  acid  concentrations  in  excess  of  0,2  M,  500  and  mote  times  greater  than  the  In¬ 
dium  concentration.  It  can  be  assumed  that  at  pH  2  and  3  a  very  strongly  dissociating  complex  of  indium  with  tri¬ 
hydroxyglutaric  acid  is  formed. 

TABLE  6,  Half-Wave  Potentials  of  Some  Ions  in  a  0,1  M  Trihydroxyglutaric  Acid  Solu¬ 
tion  in  1  N  NaOH 


Ions 

(first  wave),  v 

relative  to  the  satu 
rated  calrimel  elec 
trode 

E 1  (second 
^  wave),v 

Ions 

E^  (first  wave),  v 
relative  to  the  satu¬ 
rated  calomel  elec¬ 
trode 

E^  (second 
wave),  V 

In"‘ 

-1,47 

Sn" 

—0,77 

Zn" 

—1,47 

As‘" 

—1,36 

Pb'” 

—0,77 

A1‘" 

—1,42 

Tl‘ 

-0,47 

Ga>" 

Not  reduced 

Sb"‘ 

-1  31 

Gd" 

-0,80 

-1,30 

At  pH  4,  E^  is  shifted  toward  negative  potentials  with  increasing  trihydroxyglutaric  acid  concentration. 

At  pH  4  the  concentration  of  RH"  ions  only  increases  insignificantly,  but  the  concentration  of  R*"  ions  Increases 
by  more  than  one  order.  On  the  basis  of  these  facts  one  can  conclude  that  the  stable  complexes  which  lead  to  an 
appreciable  shift  in  E|  are  formed  from  indium  and  the  R^”  ions  of  trihydroxyglutaric  acid  and  not  from  indium  with 
the  RH"  ions  and  even  less  so  with  undissociated  molecules  of  the  acid.  This  conclusion  agrees  with  Davldenko's  re¬ 
sults  [8],  Tlie  relationship  between  the  changes  in  Ei  with  changes  in  trihydroxyglutaric  acid  concentration  at  pH  4 
is  illustrated  by  the  straight  line  in  Fig.  4,  The  coordination  number  P  which  we  calculated  at  pH  4  was  2.1. 

_  ^  0.0265X3  _  p  . 

AlgCj,-0,059  ■  0,62X0,059 

Davidenko  [8]  gives  results  for  the  relationship  between  Ej  and  trihydroxyglutaric  acid  at  pH  1.5.  He  concludes 
that  "the  shift  in  potential  corresponds  to  formation  of  a  1: 1  compound."  We  do  not  think  that  this  is  quite  conect. 
According  to  his  results,  the  relationship  between  E^  and  the  logarithm  of  trihydroxyglutaric  acid  concentration  is 
not  expressed  by  a  straight  line,  but  by  an  arc-shaped  curve.  By  meaning  the  results  one  can  produce  a  straight  line 
with  any  slope.  It  would  seem  to  us  that  the  linear  relationship  is  most  clearly  expressed  for  trihydroxyglutaric  acid 
concentrations  of  0.4,  0.6,  and  0.8  M.  On  the  basis  of  these  results  the  value  calculated  for  the  coordination  number 
is  approximately  2.3  and  not  1: 


P  = 


0.014-3 

0,3-0,059 


and,  consequently,  the  potential  shift  corresponds  to  a  compound  with  a  molar  ratio  of  1;  2,  in  agreement  with  our 
results  for  the  compound  formed  at  pH  4. 

In  order  to  calculate  the  instability  constant  of  the  complex  indium  ion  it  is  necessary  to  know  the  half-wave 
potential  of  the  simple  indium  ion,  e.g.,  in  a  HCIO4  medium.  Since  reduction  of  In’+  in  HCIO4  is  an  irreversible 
process,  we  adopted  the  method  of  amalgam  polarography. 

Using  an  electrode  in  the  form  of  a  stationary  drop  of  indium  amalgam,  we  determined  the  half-peak  potential 
during  anodic  dissolution  of  indium  from  the  amalgam  in  a  supporting  electrolyte  of  0.1  M  HCIO4,  and  found  it  to  be 
equal  to  —0,488  v.  The  value  which  we  found  agrees  with  the  value  of  E  j  found  by  Cozzi  and  Raspi  [14]  by  extra¬ 
polation  (  —  0,485  i  0,002  v). 


553 


Table  7  contains  results  of  the  calculation  of  the  instability  constant,  taking  into  account  only  the  concentra¬ 
tion  of  the  doubiy  charged  anions  C  =  Cj^-.  On  taking  into  account  the  sum  of  uni-  and  dicharged  ions 
the  mean  value  of  K  =  (1.87  i  0,11) 


TABLE  7.  Values  of  the  Instability  Constant  of  the  Complex  of 
Indium  with  Trihydroxyglutaric  Acid 


Concentra¬ 
tion  Cjj.  M 

E 1  ,  V 

2 

log  K 

pK 

K 

0,061 

—0.635 

—10,05 

10,05 

8,9lXlO-» 

0,040 

—0,627 

—10,00 

10, (K) 

l,OOxlO-»o 

0,030 

—0,622 

—10.00 

10.00 

1,00x10  10 

0,020 

—0,615 

—10,00 

10,00 

l,00Xl0-w 

K  (mean)  =  (9, 73^0, 82) X 10““. 


The  charge  of  the  complex  of  Indium  with  0.1  N  trihydroxyglutaric  acid  at  pH  4,  as  an  electrophoresis  method 
showed  [1],  was  negative.  Our  experiments  did  not  confirm  Davidenko’s  assertion  that  neutral  indium  complexes 
should  be  present  in  a  weakly  acid  medium.  Bearing  in  mind  the  value  p  =  2,  and  the  negative  charge  of  the  complex 
compound,  one  can  assume  that  under  our  conditions  In^^I  gives  a  complex  compound  of  the  following  structure  with 
trihydroxyglutaric  acid; 


COO— In— 00—  C 

I 


HC— OH 

I 

HC— OH 

I 

HC— OH 

I 

COO 


HC-OH 

HC-OH 

I 

HC— OH 

I 

COO- 


In  an  alkaline  medium  (pH  11)  in  the  presence  of  trihydroxyglutarate,  indium  forms  a  stable  complex  com¬ 
pound  with  El  =  —1.47  V.  It  is  possible  that  indium  is  connected  to  the  hydroxyl  ions  in  this  compound.  The  polaro- 
gram  obtained  by  Kalousek’s  method  (Fig.  3)  shows  that  reduction  of  indium  in  the  presence  of  trihydroxyglutaric 
acid  in  an  alkaline  medium  is  an  irreversible  process.  We  were  unable  to  therefore  to  determine  the  coordination 
number  polarographically  and  to  determine  the  instability  constant  of  this  complex  compound. 


SUMM  ARY 

The  polarographic  behavior  of  indium  in  the  presence  of  trihydroxyglutaric  acid  has  been  examined  in  acid, 
neutral,  and  alkaline  media. 

The  value  of  the  half-wave  potential  of  the  simple  indium  ion  in  HCIO4  has  been  determined  by  measuring 
the  value  of  the  half-peak  potential  during  anodic  dissolution  of  indium  from  an  amalgam.  The  half-wave  potential 
was  found  to  be  —0.488  v. 

The  effect  of  trihydroxyglutaric  acid  concentration  on  E^  for  indium  has  been  examined;  it  has  been  found 
that  regular  displacement  of  E^  with  changes  in  trihydroxyglutaric  acid  concentration  is  only  observed  at  pH  4  and 
pH  11.  It  has  been  established  that  the  coordination  number  p  =  2,  while  it  has  been  found  that  the  instability  con¬ 
stant  of  the  complex  compound  formed  between  indium  and  trihydroxyglutaric  acid  at  pH  4  has  a  value  K  (mean)  = 
=  (9.73  i  0.82).  10"“. 

It  has  been  established  that  reduction  of  indium  at  pH  11  is  an  irreversible  process, 

A  method  is  suggested  for  the  polarographic  determination  of  indium  and  cadmium  in  each  others  presence  by 
using  trihydroxyglutaric  acid  as  supporting  electrolyte  at  pH  3  and  pH  9. 
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The  analytical  chemistry  of  gallium,  indium,  and  thallium  has  still  not  been  developed  sufficiently  well.  This 
is  particularly  true  of  methods  of  separating  and  determining  gallium  and  indium  [1].  Accordingly,  the  synthesis  of 
new  complex  compounds,  and  the  search  for  more  selective  reagents  for  these  elements  is  of  great  practical  import¬ 
ance. 

As  a  result  of  studies  of  the  analytical  properties  of  8-mercaptoquinoline  (thlooxlne)  we  have  found  that  under 
certain  conditions  this  reagent  permits  determination  of  microgram  amounts  of  indium  in  the  presence  of  overwhelm¬ 
ing  amounts  of  certain  elements  which  usually  interfere  with  the  determination  of  this  element  by  other  methods. 

Preparation  and  composition  of  gallium,  indium,  and  thallium  thiooxinates.  Gallium  salts  in  very  weakly  acid, 
neutral,  and  alkaline  solutions  form  with  thiooxine  an  amorphous  looking  orange-yellow  precipitate.  It  can  be  obtained 
in  a  crystalline  state  from  hot  aqueous-alcoholic  solutions.  A  hot  solution  of  0.12  g  of  gallium  trichloride  in  25  ml 
of  65‘^t  ethanol  is  added  dropwise  and  with  stirring  to  a  filtered  solution  of  1.1  g  sodium  thiooxinate  in  55  ml  of  90*^ 
ethanol  which  has  been  heated  to  the  boil.  When  the  solutions  are  poured  together  the  mixture  acquires  a  dark-red 
color  and  an  orange-yellow,  crystalline  precipitate  of  gallium  thiooxinate  rapidly  settles  out.  The  precipitate  is  fil¬ 
tered  off  through  a  glass  filter  crucible,  washed  several  times  with  ethanol,  and  dried  in  air.  After  recrystallization 
from  dimethylformamide  the  precipitate  has  the  following  composition: 

Found  <%:  Ga  12.44;  N  7.50;  S  17.63.  GafCgHeNS),.  Calculated  <yfl;  Ga  12.67;  N  7.64;  S  17.47. 

Indium  salts  in  weakly  acid,  neutral,  and  alkaline  solutions  Interact  with  thiooxine  to  form  a  yellow,  amor¬ 
phous  looking  precipitate.  The  precipitate  can  be  obtained  in  a  crystalline  form  from  hot  aqueous-alcoholic  solu¬ 
tions.  A  hot  solution  of  0.12  g  of  indium  trichloride  in  30  ml  of  40‘7o  ethanol  is  added  dropwise  and  with  stirring  to 
a  filtered  solution  of  1  g  of  sodium  thiooxinate  in  40  ml  of  80<yo  ethanol  which  has  been  heated  to  the  boil.  The 
yellow,  crystalline  precipitate  which  gradually  settles  out  is  filtered  off  through  a  glass  crucible,  washed  several 
times  with  hot  alcohol,  and  dried  in  air.  On  recrystallization  from  dimethylformamide  the  preparation  has  the  fol¬ 
lowing  composition: 

Found  <70:  N  7.17;  S  16.26;  H  3.26.  InfCgHfiNS),.  Calculated ‘yc;  N  7.05;  S  16.50;  S  3.04. 

It  does  not  contain  water  of  crystallization. 

It  has  been  shown  earlier  [2,  3]  that  trivalcnt  thallium  is  reduced  by  thiooxine  to  its  univalent  state  with  for¬ 
mation  of  thallium  (I)  thiooxinate.  Thallous  thiooxinate  can  be  prepared  in  the  crystalline  state  from  aqueous-pyri¬ 
dine  solutions.  A  hot  solution  of  1.3  g  of  CH3COOTI  in  5  ml  of  pyridine  is  added  dropwise  to  a  solution  of  4  g  of 
sodium  thiooxinate  in  a  mixture  of  5  ml  of  water  and  25  ml  of  pyridine  heated  to  the  boil.  The  orange  crystalline 
precipitate  which  settles  out  is  removed  by  suction  on  a  filter,  washed  several  times  with  methanol,  and  dried  in  air. 

Thallous  thiooxinate  can  also  be  prepared  in  a  crystalline  state  from  ethanol -water  media  as  in  the  case  of 
gallium  thiooxinate. 

•  For  communication  17,  see  Zh.  analit.  khlmii  16,  150  (1961). 
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Found  N  3.80;  S  8.75;  H  1.69.  CgHgNS-Tl.  Calculated'^:  N  3.84;  S  8.78;  H  1.64. 

Determination  of  active  hydrogen  in  the  preparation  dried  at  150*  showed  the  absence  of  water  of  crystalliza¬ 
tion. 

During  measurements  of  the  molar  extinction  coefficients  of  solutions  of  the  thiooxinates  of  various  elements, 
a  feature  which  attracted  attention  was  the  too  low  molar  extinction  coefficient  of  gallium  thiooxinate  compared 
with  the  molar  extinction  coefficients  of  the  other  thiooxinates  of  trivalent  elements  and  elements  containing  three 
molecules  of  thiooxine  in  the  molecule.  These  depressed  values  of  the  molar  extinction  coefficients  are  observed 
both  in  solutions  of  the  crystalline  samples  of  gallium  thiooxinate,  and  in  solutions  obtained  by  extraction  from  the 
aqueous  phase.  It  was  natural  to  assume  that  the  gallium  thiooxinate  formed  in  solution  is  not  identical  to  the  crys¬ 
talline  thiooxinate.  In  this  connection  therefore  we  determined  the  composition  of  thiooxinates  in  solution.  The 
low  molar  extinction  coefficient  of  crystalline  gallium  thiooxinate,  however,  remained  incomprehensible,  since  there 
was  no  doubt  about  the  accuracy  of  the  analyses  of  the  crystalline  samples.  Repeated  analyses  of  various  preparations 
always  gave  results  corresponding  to  the  formula  GafCgHgNSls.  The  reason  for  this  low  value  of  the  molar  extinction 
coefficient  of  solutions  of  gallium  thiooxinate  became  apparent  on  studying  the  absorption  spectra. 


_i _ 1  I  <  < 

9  10  n  IZ  13  R' 


12  3^  5  6  7  8 

ml  of  0.001  M  solutions  of  Ga,  In,  and  Tl,  and  of  thiooxine,  (R) 


Fig.  1.  Composition  of  gallium,  indium,  and  thallium  thio¬ 
oxinates  in  a  toluene  extract.  1)  Indium  thiooxinate;  2)  gal¬ 
lium  thiooxinate;  3)  thallium  thiooxinate. 


The  composition  of  the  thiooxinates  in  solution  was  determined  by  the  isomolar  series  method.  Forty  ml  of  a 
borate  buffer  solution  with  pH  8  was  introduced  into  a  separating  funnel;  varying  amounts  of  a  0.001  M  solution  of 
sodium  thiooxinate  (ml)  which  were  gradually  increased  from  experiment  to  experiment  and  a  constant  amount  (ml) 
of  a  0,001  g  ion/liter  solution  of  gallium  were  then  added.  The  gallium  thiooxinate  formed  was  extracted  with  20  ml 
of  chloroform  for  3  min.  The  chloroform  extract  was  transferred  to  a  1  cm  cell,  and  its  optical  density  measured  on 
a  SFD-1  spectrophotometer  at  397  mji  (^niax  gallium  thiooxinate.  Figs,  2  and  3),  The  reference  solution  was  a 
chloroform  extract  obtained  on  using  the  same  amounts  of  reagents  but  omitting  gallium.  As  is  evident  from  Fig.  1, 
there  is  a  break  which  is  not  sharp  at  Ga:  R  =  1:2,  which  testifies  to  the  formation  of  a  complex  of  the  composition 
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Ga(C9H6NS)2Cl  with  low  stability,  or,  bearing  in  mind  its  reasonably  good  solubility  in  a  series  of  organic  solvents, 
to  the  formation  of  a  basic  thlooxinate  Ga(C9H6NS)20H,  since  the  reaction  was  carried  out  in  an  alkaline  medium. 

The  composition  of  Indium  thlooxinate  was  determined  by  the  same  method.  To  various  amounts  (ml  of  0.001 
M  sodium  thlooxinate  at  pH  7  which  were  increased  from  experiment  to  experiment  was  added  a  constant  amount 
(ml)  of  an  indium  solution  with  a  concentration  of  0.001  g»lon/llter.  The  indium  thlooxinate  formed  was  extracted 
with  20  ml  of  chloroform,  and  its  optical  density  on  a  SFD-1  spectrophotometer  at  407  mfj  (Xjj^ax  of  indium  thio- 
oxlnatc.  Figs.  2  and  3).  The  reference  solution  was  a  chloroform  extract  obtained  on  using  the  same  amounts  of  rea¬ 
gents  but  omitting  indium.  Figure  1  shows  that  the  sharp  break  on  the  curve  corresponds  to  a  composition  of  In(C9H6NS)3 
for  Indium  thlooxinate. 


f  /o‘' 


mM 


Fig.  2,  Absorption  spectra  of  gallium,  indium,  and  thallium 
thiooxinates  in  chloroform.  1)  Ga(C9H6NS)3  ^max  252  m/i, 

324  and  397  m/i;  2)  In(C9H5NS)3  ^max 
C9H5NSTI  Xjjiax  250  and  406  mp. 

The  composition  of  thallium  thlooxinate  was  determined  at  pH  9.5  using  a  0.001  M  solution  of  thiooxine  and 
a  solution  of  a  thallous  salt  with  a  concentration  of  0.001  g  ion/ liter.  The  optical  density  of  the  chloroform  extract 
was  measured  at  406  m^i  (  Xj^^ax  thallium  thlooxinate.  Figs.  2  and  3).  The  break  on  the  curve  which  is  not  sharp 
(Fig.  1)  testifies  (as  in  the  case  of  gallium  thlooxinate)  to  the  very  low  stability  of  the  complex  found  between  T1 :  R  = 
=  1:1  and  T1 :  r  =  1 : 1/3.  These  results  Indicate  a  composition  of  C9H6NSTI  for  the  complex. 

Absorption  spectra  and  molar  extinction  coefficients  of  gallium,  indium,  and  thallium.  As  the  data  in  Table  1 
show,  most  of  the  solvents  which  are  suitable  for  work  in  the  far  ultraviolet  do  not  dissolve  gallium,  indium,  and  thal¬ 
lium  thiooxinates.  Only  chloroform  is  a  suitable  solvent  and  permits  spectra  to  be  taken  at  wavelengths  higher  than 
245  m|i.  In  the  other  solvents  the  spectra  can  only  be  taken  in  the  near  ultraviolet. 

An  aliquot  of  the  corresponding  thiooxlnatewas  dissolved  In  purified  chloroform,  and  the  optical  density  meas¬ 
ured  on  a  SF-4  spectrophotometer  relative  to  chloroform.  As  Figs.  2  and  3  show  (long  wave  maxima  at  higher  con¬ 
centrations  of  the  thiooxinates  are  shown  in  Fig.  3),  the  absorption  spectra  of  ealllum  and  indium  thiooxinates  have 
three  maxima  each,  while  thallium  has  two.  The  maxima  in  the  far  ultraviolet  (Ga,  252  m#i;  In,  268  mji ,  Tl,250m/i) 
belong  to  die  quinoline  nucleus,  while  the  maxima  on  the  boundary  of  the  ultraviolet  and  visible  regions  (Ga,  397 
m^;  In,  407  m|i;  Tl,  406/  m/i)  belong  to  the  cyclic  group 
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where  Me  =  Ga,  In,  Tl;  n  Is  the  valence  of  the  element.  The  maximum  at  324-325  mji  for  gallium  thlooxinate, 
and  the  weak  maximum  for  indium  thlooxinate  belong  to  the  thlooxinate  ion  C9H5NS"  formed  as  the  result  of  the 
dissociation  of  the  molecules  of  the  thiooxinates: 

Ga(C8H6NS)3  -  Ga(Q,H«NS)++C„H,NS- 
InCCjH.NS),-  In  (C8HeNS)+-t-C8HeNS- 

This  is  quite  clear  from  the  absorption  spectrum  of  sodium  thlooxinate  in  ethanol  (Fig.  3,  curve  6),  the  absorption 
maximum  of  which  at  324-325  m/i  corresponds  with  the  absorption  maxima  of  gallium  and  indium  thiooxinates  in 
chloroform. 


Fig.  3.  Absorption  spectra  in  the  near  ultraviolet  of  gallium,  indium,  and 
thallium  thiooxinates,  1)  Ga(C9H6NS)3  in  chloroform;  ^max*  324  and  397 
m/i;  2)  Ga(C9H6NS)3  in  toluene,  ^-max*  324  and  400  m/i;  3)  In(C9HeNS)3 
in  toluene;  ^-u^ax*  4)  In(C9H6NS)3  in  chloroform; 

324  and  407  m/i;  5)  C9H6NSTI  in  chloroform;  ^max*  ^3®  *^1*5  6)  sodium 
thlooxinate  in  ethanol. 

Solutions  of  the  crystalline  thiooxinates  in  purified  chloroform  were  prepared  in  order  to  determine  the  molar 
extinction  coefficients.  The  optical  density  of  the  solutions  was  measured  relative  to  chloroform  on  a  SF-4  spectro¬ 
photometer  at  the  absorption  maxima  of  the  thiooxinates.  The  mean  values  of  the  molar  extinction  coefficients, 
obtained  from  many  experiments  at  different  concentrations  of  the  thiooxinates  in  chlorofoitn,  were  as  follows;  gal¬ 
lium  thlooxinate  Ga(C9H6NS)3  — c  =  8400;  indium  thlooxinate  In(C9H6NS)3-€  =11,100;  thallium  thlooxlnatesCgligNS—Tl 
approximately  4000.  The  type  of  solvent  used  has  almost  no  effect  on  the  value  of  the  molar  extinction  coefficient. 

The  values  of  the  extinction  coefficients  of  the  thiooxinates  are  approximately  proportional  to  the  amount  of 
combined  molecules  of  thlooxinate.  In  particular,  the  molar  extinction  coefficients  of  the  thiooxinates  into  whose 
composition  three  molecules  of  thiooxine  enter,  are  approximately  12,000.  In  such  a  case  the  molar  extinction  coef¬ 
ficients  of  Ga(C9HeNS)3  and  In(C9H6NS)3,  as  long  as  their  composition  remains  unchanged  should  also  be  equal  to 
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about  12,000.  From  this  point  of  view,  the  molar  extinction  coefficient  of  indium  thlooxinate  is  slightly  low,  while 
the  molar  extinction  coefficient  of  gallium  thlooxinate  corresponds  to  that  of  a  thooxinate  containing  only  twomolec- 
ules  of  thiooxine.  This  is  in  good  agreement  with  the  interpretation  advanced  above  of  the  absorption  spectra  and  to 
the  equations  for  the  dissociation  of  thiooxinates. 


TABLE  1.  Solubility  of  the  Crystalline  Thiooxinates  of  Gallium,  Indium,  and  Thallium  in  Or¬ 
ganic  Solvents 


Solvent 

Thlooxinate  | 

Solvent 

Thlooxinate 

Ga 

— 

In 

T1 

Ga 

In 

T1 

Chloroform 

r.s. 

r.s. 

s. 

Ethanol 

i. 

i. 

i. 

Bromoform 

r.s. 

r.s. 

r.s. 

Nonyl  alcohol 

i. 

1. 

1. 

Bromobenzene 

r.s. 

r.s. 

r.s. 

Carbon  tetrachloride 

s.s. 

s.s. 

S.S. 

Pyridine 

r.s. 

r.s. 

r.s. 

Dilsoamyl  ether 

1. 

1. 

i. 

Dlmethylformamlde 

r.s. 

r.s. 

r.s. 

Acetoamyl  ester 

1. 

1. 

1. 

Toluene 

s. 

s. 

s. 

Isoamyl  alcohol 

1. 

i. 

1. 

Benzene 

s. 

s. 

s. 

Hexane 

1. 

i. 

i. 

Acetone 

s. 

s. 

s. 

Isooctane 

1. 

I. 

1. 

Dloxane 

s.s. 

s.s. 

s.s. 

Notes;  r.s,  —  readily  soluble;  s  —  soluble;  s.s.  —  sparingly  soluble;  i  —  Insoluble. 

As  Moeller  and  Cohnen  [4]  have  shown,  the  8-hydroxyquinolates  of  gallium,  indfiim,  and  thallium  also  possess 
this  capacity  of  breaking  down  in  organic  solvents.  In  chloroform  solutions  of  the  B-hydroxyquinolates  of  gallium, 
indium,  and  thallium  also  an  absorption  maximum  of  8-hydroxyqlnollne  appears  with  time  as  in  the  case  of  8-mer- 
captoqulnolates.  Nevertheless,  the  8-mercaptoqulnolates  undergo  a  solvolytic  breakdown  of  this  kind  appreciably 
more  rapidly;  thus  gallium  8-mercaptoquinolate  splits  off  one  molecule  of  8-mercaptoquinollne  almost  instantane¬ 
ously,  while  during  extraction  from  aqueous  solutions,  a  complex  containing  only  two  molecules  of  8-mercaptoquino- 
line  passes  into  the  organic  solvent. 

Breakdown  of  gallium  thlooxinate  in  which  the  thiooxine  molecule  is  split  off,  even  in  an  organic  solvent  med¬ 
ium,  is  not  unexpected,  since  gallium  has  very  similar  properties  to  aluminum  which  does  not  in  general  form  a  salt 
with  thiooxine  in  aqueous  media. 

The  relationship  between  the  extractability  of  gallium,  indium,  and  thallium  thiooxinates  and  pH.  The  relation¬ 
ship  between  the  extractability  of  the  thiooxinates  and  pH  was  studied  as  follows.  Into  a  200  ml  separating  funnel  con¬ 
taining  30-40  ml  of  a  buffer  solution  with  the  requisite  pH  was  Introduced  the  requisite  amount  (theoretical  number  of 
moles  with  respect  to  the  element  Ga(In) :  R  =  1 : 3  and  T1 :  R  =  1 ;  1,  or  an  excess  number  of  moles)  of  sodium  thio- 
oxinate  in  the  form  of  an  aqueous  solution;  the  solution  of  the  test  element  was  then  added.  When  the  theoretical 
amount  of  thiooxine  was  used,  indium  and  thiooxine  solutions  with  a  concentration  of  0.001  g  lon/llter  were  used. 
When  excess  thiooxine  was  used,  its  concentration  was  increased.  In  order  to  ensure  identical  experimental  condi¬ 
tions  the  total  volume  after  mixing  the  solutions  was  50  ml  in  each  case.  The  thlooxinate  formed  was  extracted  for 
3  min  with  10  ml  toluene.  The  toluene  extract  was  filtered  free  from  drops  of  water  by  passing  it  through  a  plug  of 
cotton  wool,  and  its  optical  density  measured  in  a  1  cm  cell  on  a  FEK-N-54  photocolorimeter  fitted  with  a  violet 
filter.  As  Fig.  4  shows,  the  thiooxine  concentration  affects  the  range  over  which  the  thiooxinates  can  be  extracted. 
When  the  theoretical  amount  of  thiooxine  is  used  (Ga;  R  =  1;  30,  even  when  the  maximum  amount  of  complex  is 
formed  at  pH  about  7)  the  extractability  does  not  reach  100*^11.  When  a  ten-fold  excess  of  reagent  is  used,  gallium 
thlooxinate  is  extracted  over  the  range  pH  6.5-10,  while  for  a  100-fold  excess  of  reagent  it  is  extracted  over  the 
range  pH  5.5-10.  Further  increases  in  the  thiooxine  concentration  do  not  essentially  affect  completeness  of  extrac¬ 
tion  of  gallium ,  particular  ly  in  acid  solutions. 

Thiooxine  concentration  affects  the  extrabillty  of  Indium  in  the  same  way;  when  the  theoretical  amount  of 
reagent  is  used  (In;  r  =  1;  3)  only  about  83*^  indium  is  extracted  over  the  range  pH  4-10,  while  when  a  ten- fold  ex¬ 
cess  of  reagent  is  used  100<yo  extractability  is  observed  over  the  range  pH  4-13.  Further  increases  in  thiooxine  con¬ 
centration  slowly  extend  the  region  over  which  Indium  thlooxinate  is  stable. 
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Figure  4  shows  that  thallium  thlooxlnate  Is  only  stable  In  alkaline  solutions.  When  the  theoretical  amount  of 
reagent  is  used,  thallium  is  lOO'yc  extracted  over  the  range  pH  10-14,  while  for  a  ten-fold  and  100-fold  excess  of 
reagent  the  corresponding  pH  ranges  are  9-14,  and  7.5-14. 

Of  considerable  interest  is  a  comparison  of  the  relative  stability  of  theS-hydroxyqulnolates  and  thiooxlnates 
of  gallium,  indium,  and  thallium.  Since  the  dissociation  constants  of  gallium,  indium,  and  thallium  have  not  hitherto 
been  determined,  in  order  to  have  an  approximate  comparison,  use  can  be  made  of  the  extractablllty  ranges  of  the 
oxlnates  and  thiooxlnates.  The  following  results  are  given  in  the  literature.  Lacroix  [5]  is  of  the  opinion  that  extrac¬ 
tion  of  gallium  8-hydroxyquinolate  starts  to  be  quantitative  from  pH  2.  Lacroix's  experiments,  however,  were  only 
approximate.  Sandell  [6]  has  stated  that  quantitative  extraction  of  gallium  8-hydroxyqulnolate  occurs  over  the  pH 
range  2.6-3. 0.  According  to  other  results  [7],  extraction  of  gallium  8-hydroxyqlnolate  is  quantitative  over  the  pH 
range  3.0-6.2. 

Moeller  [8]  has  found  that  the  range  over  which  indium  8-hydroxyquinolate  is  extracted  quantitatively  is  pH 
3.2-4.5.  Milner  [9]  is  of  the  opinion  that  in  order  to  ensure  complete  extraction  of  indium  8-hydroxyquinolate,  it 
is  necessary  to  work  in  the  range  pH  3. 5-4.5.  Lacroix  [5]  does  not  agree  with  the  authors  mentioned  above  and  con¬ 
siders  that  quantitative  extraction  of  Indium  as  its  8-hydroxyqulnolate  occurs  over  the  pH  range  3-5. 
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Fig.  4.  The  relationship  between  the  extractablllty  of  gallium,  indium, 
and  thallium  thiooxlnates  and  pH.  Indium:  1)  100-fold  excess  of  thlo- 
oxine  (R);  2)  ten-fold  excess  of  R;  3)  theoretical  amount  of  R;  gallium; 
4)  100-fold  excess  of  R;  5)  ten-fold  excess  of  R;  6)  theoretical  amount 
of  R;  thallium;  7)  ten- fold  excess  of  R;  8)  theoretical  amount  of  R. 


Apart  from  the  disagreement  between  the  results  of  different  authors,  another  noteworthy  feature  is  that  the 
range  of  extraetlon  of  the  8-hydroxyqulnolates  of  Ga  and  In  is  limited  to  weakly  acid  solutions  and  docs  not  extend 
to  the  alkaline  region  as  is  the  case  for  thiooxlnates.  The  reason  for  this  is  that  the  authors  mentioned  above  were 
interested  in  the  extractablllty  range  for  practical  purposes,  and,  in  this  conneetion  adjusted  the  requisite  pH  in  the 
metal  solution  first  and  only  then  added  8-hydroxyqinollne.  The  consequence  of  this  would  be  that  the  basic  salts 
formed  in  weakly  acid  solutions,  or  the  hydroxides  formed  in  alkaline  solutions,will  not  react  with  8-hydroxyqInoline. 
The  order  in  which  the  reagents  are  mixed  has  an  essential  effect  on  the  extraction  range  (formation)  of  the  complex 
salt. 


To  avoid  this  when  working  with  thlooxine,  as  is  evident  from  the  technique  described  above,  we  added  the 
solution  of  the  test  element  dropwise  to  the  buffered  solution  of  thlooxine.  Thus  in  the  case  of  alkaline  solutions 
we  determined  the  relative  rate  of  hydrolysis  and  formation  of  the  thlooxlnate.  Moreover,  in  order  to  obtain  com¬ 
parable  results,  it  is  essential  to  determine  the  extractablllty  range  of  the  8-hydroxyqulnolates  and  thiooxlnates 
under  strictly  analogous  conditions  —  buffer  solutions  of  the  same  composition  and  equal  concentrations  of  reagents 
(8-hydroxyquinollne  and  thlooxine).  In  this  connection  we  determined  the  extractablllty  range  of  gallium  and  in¬ 
dium  8-hydroxyquinolates  by  the  same  method  as  that  described  above  for  thiooxlnates,  using  a  ten-fold  excess  of 
8-hydroxyquinollne  over  that  theoretically  necessary  for  formation  of  the  complex  Me(Ox)3.  Gallium  8-hydroxy¬ 
quinolate  is  extracted  quantitatively  over  the  range  pH  5-13  (Fig,  5),  It  follows  from  these  results  that  indium 
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thiooxlnate  (pH  4-13)  is  more  stable  than  indium  8-hydroxyquinolate.  Gallium  8-hydroxyquinolate,  on  the  other  hand 
is  more  stable  than  gallium  thiooxlnate  (pH  6.5-10). 

Bearing  in  mind  the  strong  alkaline  properties  and  the  ready  solubility  in  water  of  thallous  hydroxide,  one  might 
expect  that  thallous  8-hydroxyqulnolate  will  have  low  stability;  this  is  confirmed  by  Moeller  and  Cohnen’s  work  [10]. 
On  the  other  hand,  taking  into  account  the  poor  solubility  of  TI2S,  one  might  assume  that  its  thiooxlnate  will  have  a 
relatively  high  stability.  Actually,  while  Moeller  and  Cohnen  [10]  were  only  able  to  precipitate  0.87  g  of  thallium 
from  1  g  of  thallium  in  an  alkaline  medium  with  8-hydroxyquinoline,  using  thiooxine,  as  can  be  seen  from  Fig.  4, 
it  should  be  possible  to  extract  microgram  amounts  of  thallium  quantitatively  over  the  range  pH  9-14. 

Thus  if  one  assumes  that  the  stability  of  the  bond  Me(Ga,  In,  Tl)-N  does  not  change  in  the  8-hydroxyqulnolates 
and  thiooxlnates,  one  must  conclude  that  the  bond  Ga— O  is  more  stable  than  the  bond  Ga— S,  while  the  reverse  is 
true  in  the  case  of  indium  and  thallium:  the  bonds  In— S  and  Tl— S  are  more  stable  than  the  bonds  In— O  and  Tl— O. 

When  a  ten-fold  excess  of  thiooxine  is  used  over  that  theoretically  necessary  for  formation  of  In(C9H6NS)3,  in¬ 
dium  thiooxlnate  is  extracted  over  the  range  pH  4-13.  The  wide  range  over  which  indium  can  be  extracted  permits 
one  to  determine  this  element  both  in  weakly  acid  and  in  alkaline  solutions.  Determination  of  Indium  in  weakly 
acid  solutions  does  not  have  any  practical  importance,  since  most  elements  which  form  sulfides  which  are  stable  in 
aqueous  media  interact  with  thiooxine  in  weakly  acid  media.  KSCN,  KI,  CS(NH2)2,  KF,  citrate,  oxalate,  thiosulfate, 
pyrophosphate,  and  sodium  ethylenediaminetetracetate  proved  unsuitable  for  masking  foreign  elements  in  acid  media. 


pH 

Fig,  5.  The  relationship  between  the  extractabillty  of  gallium  (1) 


and  Indium  (2)  8-hydroxyquinolates  and  the  pH  of  the  medium 
(order  in  which  the  components  were  mixed:  buffer  +  8-hydroxy- 
quinollne  +  metal).  The  relationship  between  the  extractabillty 
of  Indium  thiooxlnate  and  the  pH  of  the  medium  (3);  order  in 
which  the  components  were  mixed:  indium  +  buffer  +  thiooxine. 

Effect  of  tartrate  ions  (14‘7o  solution  of  sodium  tartrate)  on  the 
extractabillty  range  of  indium  (4)  and  gallium  (5)  thiooxlnates. 

Effect  of  cyanide  and  tartrate  ions  on  completeness  of  extraction  of  indium  and  gallium  thiooxlnates.  The  pH 
range  over  which  indium  is  extracted  as  its  thiooxlnate  (pH  4-13)  and  which  was  found  above,  is  only  valid  when  an 
indium  solution  is  added  to  a  solution  of  thiooxine  in  a  buffer  medium  with  a  definite  pH.  In  actual  practice  one 
usually  proceeds  otherwise:  the  pH  of  the  solution  is  established  at  the  requisite  value  first  and  the  reagent  solution 
then  added.  When  such  a  technique  is  adopted,  in  alkaline  solutions  hydroxides  of  basic  salts  of  indium  are  formed 
which  only  partially  Interact  with  the  thiooxine.  Figure  5  shows  the  extractabillty  curve  of  indium  obtained  by  the 
method  described  above,  but  with  the  components  mixed  in  the  reverse  order.  As  Fig.  5  shows,  extraction  of  indium 
is  quantitative  only  over  the  range  pH  3.5-6.  Formation  of  basic  salts  or  hydroxides  of  indium  can  be  prevented  by 
addition  of  sodium  tartrate,  which  is  also  necessary  for  keeping  other  metals  in  solution  in  an  alkaline  medium.  The 
effect  of  the  tartrate  ion  on  the  extractabillty  range  was  examined  as  follows.  Thirty-five  ml  of  a  20*7:  solution  of 
neutral  sodium  tartrate  and  10  ml  (30  pg)  of  a  solution  of  an  indium  (gallium)  salt  were  introduced  into  a  200  ml 
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separating  funnel.  The  pH  was  adjusted  to  the  requisite  value  by  means  of  NaOH  or  HCl  solutions  and  the  volume  of 
the  solution  made  up  to  50  ml  with  water.  One  ml  of  a  1.25<yo  solution  of  sodium  thlooxinate  at  the  same  pH  was 
then  added.  The  thlooxinate  formed  was  extracted  by  vigorous  shaking  with  10  ml  of  toluene.  The  extract  was  fil¬ 
tered  through  a  plug  of  cotton  wool  and  its  optical  density  measured  in  a  1  cm  cell  on  a  FEK-N-54  photocolorimeter 
fitted  with  a  violet  filter.  Pure  toluene  was  used  as  the  reference  solution.  The  amount  of  Indium  (gallium)  present 
was  determined  by  means  of  a  calibration  curve  constructed  under  conditions  ensuring  maximum  extractability  of 
the  given  thlooxinate,  but  without  tartrate. 

As  Fig.  5  shows,  in  the  presence  of  tartrate  ions,  indium  Is  extracted  over  the  range  pH  4-12.5,  while  gallium 
is  extracted  over  the  range  pH  6-10.  These  ranges  coincide  with  the  extractability  ranges  determined  earlier  under 
conditions  which  exclude  hydrolysis  of  indium  and  gallium  salts.  This  confirms  the  explanation  given  above  for  the 
very  narrow  extraction  range  for  indium  when  no  tartrate  is  used  and  when  thlooxine  is  added  after  buffering  the  in¬ 
dium  solution. 

The  effect  of  sodium  tartrate  concentration  on  the  completeness  of  indium  extraction  was  studied  by  the  tech¬ 
nique  described  above.  The  only  difference  in  the  experimental  conditions  was  that  the  reaction  was  carried  out  in 
a  buffer  solution  with  pH  11,  and  that  the  amount  of  20^0  sodium  tartrate  solution  added  was  varied  from  experiment 
to  experiment.  It  follows  from  these  experiments  that  at  pH  11,  and  for  a  total  volume  of  50  ml  of  solution,  a  mini¬ 
mum  amount  of  8  ml  of  20^0  sodium  tartrate  solution  is  necessary  for  ensuring  quantitative  extraction  of  indium  as 
its  thlooxinate.  Presumably,  smaller  amounts  of  tartrate  cannot  prevent  formation  of  indium  hydroxide  or  of  basic 
indium  salts.  The  rather  high  concentration  of  sodium  tartrate  required  for  preventing  hydrolysis  of  the  indium  salts 
testifies  to  the  low  stability  of  the  indium-tartrate  complex. 

The  effect  of  varying  concentrations  of  cyanide  on  the  extractability  of  In  and  Ga  was  only  studied  in  alkaline 
solutions.  A  definite  volume  of  40‘yfl  KCN  solution,  10  ml  of  indium  (gallium)  (30  |ig)  solution,  and  1  ml  of  a  1.25'yo 
aqueous  solution  of  sodium  thlooxinate  were  introduced  into  a  200  ml  separating  funnel.  The  volume  of  the  solution 
was  made  up  to  50  ml  and  the  thlooxinate  formed  extracted  with  10  ml  of  toluene.  The  extract  was  filtered,  and  its 
optical  density  measured  as  described  above.  The  experimental  results  show  that  even  very  high  concentrations  of 
cyanide  ions  in  solution  do  not  affect  the  extractability  of  indium,  but  the  extent  to  which  gallium  is  extracted  falls 
with  increasing  cyanide  ion  concentration.  The  drop  in  extractability  of  gallium  is  explained,  presumably,  not  by 
the  effect  of  the  cyanide  ion,  but  by  the  increase  in  the  alkalinity  of  the  solution  following  upon  Increasing  KCN  con¬ 
centration,  as  a  result  of  which  gallium  partially  changes  into  an  anionic  form  which  does  not  react  with  tidooxine. 
Nevertheless,  the  bulk  of  the  gallium  present  in  solution  does  pass  over  into  the  extract,  which  indicates  that  it  is 
Impossible  to  determine  indium  in  the  presence  of  gallium  by  means  of  thlooxine. 

These  experiments  show  that  cyanide  ions  do  not  form  an  appreciably  stable  complex  with  indium.  But,  as 
the  technique  described  above  shows,  the  experiments  on  the  study  of  the  effect  of  cyanide  on  the  extractability  of 
indium  in  a  strongly  alkaline  medium  were  carried  out  without  tartrate;  nevertheless,  indium  was  extracted  com¬ 
pletely  in  the  form  of  the  compound  In(C9HeNS)3.  This  indicates  that  cyanide  ions  form  some  sort  of  complex  of 
low  stability  with  indium,  which  prevents  formation  of  indium  hydroxide  which  does  not  react  with  thlooxine. 

Thus  indium  can  be  photometrically  determined  in  the  presence  of  KCN  and  tartrate,  but  gallium  cannot  be 
determined  in  this  way.  In  this  connection  we  have  examined  the  effect  of  thlooxine  concentration  on  the  extract- 
ability  of  indium  in  the  presence  of  20  ml  of  40^70  KCN  solution.  The  amount  of  indium  taken,  and  the  whole  ex¬ 
perimental  procedure  were  identical  to  those  described  above.  Only  the  concentration  of  sodium  thlooxinate  in  the 
test  solution  was  varied  from  experiment  to  experiment.  These  experiments  show  that  five  times  the  theoretical 
amount  of  thlooxine  necessary  for  formation  of  In(C9H6NS)3  should  be  used  for  ensuring  quantitative  extraction  of 
indium.  Further  increases  in  thlooxine  concentration  do  not  affect  the  extractability  of  indium. 

The  sensitivity  of  the  reaction  and  conformation  of  solutions  of  indium  thlooxinate  to  Beer’s  law.  A  calibra¬ 
tion  curve  was  constructed  by  introducing  10  ml  of  20‘yc  sodium  tartrate,  and  20  ml  of  40‘yfl  KCN  solution  into  a  200 
ml  separating  funnel;  these  were  followed  by  various  amounts  of  a  solution  of  an  indium  salt  and  1  ml  of  1.2570  sodium 
thlooxinate  solution,  the  volume  of  the  aqueous  phase  being  finally  made  up  to  50  ml.  The  Indium  thlooxinate  was 
extracted  by  vigorous  shaking  for  3  min  with  10  ml  of  toluene.  After  filtration  through  a  plug  of  cotton  wool,  the 
optical  density  of  the  extract  was  measured  in  a  1  cm  cell  on  a  spectrophotometer  at  407  m^  or  on  a  photocolorl- 
meter  with  a  violet  filter.  When  the  FEK-N-54  photocolorimeter  was  used  it  was  found  that  toluene  solutions  of  in¬ 
dium  thlooxinate  confirm  to  Beet’s  law  over  the  range  5-60  pg  indium  /ml.  When  10  ml  of  toluene  is  used  for  ex¬ 
traction  it  is  possible  to  determine  as  little  as  0.5  pg  indium,  with  an  error  of  t  I07o.  The  error  decreases  to  3-47fl 
in  the  case  of  larger  amounts  of  indium. 


Indium  can  also  be  detennined  In  a  weakly  acid  medium  at  pH  5-6.  The  extracts  obtained  In  an  acetate  buffer 
(without  tartrate  and  cyanide)  conform  to  Beer’s  law  over  the  same  Indium  concentration  range.  The  curve  Is,  how¬ 
ever,  somewhat  higher  since  the  isoelectric  point  of  thiooxlne  is  located  at  pH  5.1,  and  at  this  point  thlooxlne  ex¬ 
hibits  Its  lowest  solubility  In  water  and  Is  most  completely  extracted  with  organic  solvents  so  that  a  continuous  supple¬ 
mentary  background  Is  created. 

Determination  of  Indium  In  the  presence  of  other  elements.  In  the  experiments  described  below,  which  were 
carried  out  by  the  method  used  above  for  constructing  a  calibration  curve  (in  an  alkaline  medium  in  the  presence  of 
cyanide  and  tartrate),  20  pg  of  indium  was  determined  against  a  background  of  various  amounts  of  foreign  elements. 
The  optical  density  of  the  toluene  extracts  was  measured  on  a  FEK-N-54  photocolorimeter  fitted  with  a  violet  filter. 
The  amount  of  indium  to  be  determined  was  found  from  the  calibration  curve  constructed  with  the  aid  of  pure  solu¬ 
tions  of  indium  as  described  above.  The  results  obtained  are  given  in  Table  2.  KCN  was  used  for  masking  Cu,  Cd, 

Ag,  Au,  Co,  Ni,  Fe  and  Pt,  Gold  must  be  reduced  beforehand  with  sodium  metabisulfite  at  pH  5-6  to  its  univalent 
state,  since  Au^^^  vigorously  oxidizes  thiooxine  to  8,8'-diquinolyldisulfide,  For  determination  of  indium  in  the  pres¬ 
ence  of  gold,  10-20  ml  of  the  acid  test  solution  is  neutralized  to  pH  3-5,  4  ml  of  a  30*^  sodium  acetate  solution  is 
added,  followed  by  5  ml  of  20'%  sodium  metabisulfite  and  1  ml  of  a  1.25'%  solution  of  sodium  thiooxinate.  The  pro¬ 
cedure  outlined  above  is  then  followed.  It  is  possible  to  determine  microgram  amounts  of  indium  in  the  presence  of 
250  mg  of  gold  by  this  method. 


TABLE  2.  Determination  of  Indium  in  the  Presence  of  Other  Elements  (20  ^g  In  taken) 


Foreign  element 
(Me),  mg 

Ratio  In;  Me 

In 

found, 

h 

Error, 

1c 

Foreign  element 
(Me),  mg 

Ratio  In:  Me 

In 

found, 

Mg 

Error, 

<% 

Cu2+ 

10 

1 

500 

20,5 

2.5 

WV 

1.500 

1  :  7.5000 

21 

5 

Cd2+ 

Ar’- 

1 

1 

.50 

19 

—5 

Re^" 

.‘1000 

1 

1.50000 

20 

0 

20 

1  :  KXXl 

20 

0 

All* 

2.'')0 

1 

12.500 

21 

5 

Fe2+ 

1.50 

1  :  7500 

19,5 

—2,5 

Gc'^’ 

12(X) 

1 

6(X)00 

19,6 

_ 2 

20 

1  ;  1000 

20,4 

2 

Th’'’ 

.'■)00 

1 

2.5(K)0 

19,4 

—3 

Ni^^ 

.30 

1  :  1500 

20,5 

2,5 

VV 

20 

1 

1000 

20 

0 

P(i-* 

.50 

1  :  2.500 

20,9 

4,5 

As^ 

1 

2.5000 

20,5 

2,5 

Pt'v 

100 

1  :  5000 

20,5 

2,5 

Gr"‘ 

110 

1 

7000 

20,8 

4 

6,2 

1  :  310 

19,7 

—1,5 

Mo'* 

1000 

1 

50000 

19.6 

_ 2 

LIO*^ 

580 

1  ;  24000 

19 

—5 

Iron  can  only  be  bound  as  a  fairly  stable  cyanide  complex  after  reducing  it  to  its  divalent  state  with  hydroxyl- 
amine  or  ascrobic  acid.  Other  reducing  agents  (NaH2P02,  Na2S03,  Na2S204)  do  not  reduce  iron  quantitatively  to 
Fe*"*^,  so  that  iron  cannot  be  complexed  completely.  Two  ml  of  a  freshly  prepared  20*70  solution  of  ascorbic  acid  (or 
hydroxylamine)  is  added  to  10-20  ml  of  the  weakly  acid  test  solution,  2  ml  of  20*%  sodium  tartrate  solution  is  then 
added,  and  the  solution  obtained  neutralized  with  alkali  to  pH  8-9,  20  ml  of  40*%  KCN  solution  is  added  and  the 
whole  boiled  until  the  color  of  the  solution  changes  to  pure  yellow.  The  procedure  outlined  above  is  then  followed. 
Microgram  amounts  of  indium  can  be  determined  in  the  presence  of  120  mg  iron  by  this  method. 

Other  elements,  in  the  amounts  indicated  in  Table  1,  do  not  introduce  any  difficulties  into  the  determination 
of  Indium.  Neither  do  any  of  the  elements  which  do  not  form  sulfides  which  are  stable  to  the  action  of  water  interfere 
(Al,  Zr,  Ti,  etc.), 

Mn,  Zn,  Hg,  Ga,  Tl,  Sn,  Pb,  Sb  and  Bi  should  be  absent. 

Anions  (Cf,  Br",  I",  F",  NO3 ,  SOj",  CH3COO".  CIO4 ,  B4OV,  CNS",  PO4",  CO3",  C204‘,  N02"  citrate,  tartrate, 
and  cyanide)  do  not  affect  the  accuracy  of  indium  determination. 

SUMMARY 

Crystalline  gallium  Ga(C9H6NS)3,  Indium  In(C9HeNS)3,  and  thallium  TIC9H6NS  thlooxinates  have  been  syn¬ 
thesized.  It  has  been  established  spectrophotometrically  that  gallium  thiooxinate  dissociates  in  organic  solvents  to 
form  the  ion  Ga(C9H5NS)2 .  Indium  thiooxinate  tends  to  dissociate  in  the  same  way  but  to  a  lesser  extent.  The  values 
of  the  molar  extinction  coefficients  of  gallium  thiooxinate  («  =  8400)  and  indium  thiooxinate  (e  =  11,000),  measured 
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at  the  absorption  maxima  of  the  complexes,  also  testify  to  complete  dissociation  of  gallium  thiooxinate  with  forma¬ 
tion  of  the  ion  GafCgHeNS)^ i  and  partial  dissociation  of  indium  thiooxinate  with  formation  of  the  ion  InfCgHjNS)*  . 
Thallium  thiooxinate  has  a  molar  extinction  coefficient  of  about  4000,  which  confirms  the  composition  TlC9HeNS. 

Indium  and  thallium  thlooxinates  have  the  same  composition  in  solution  in  organic  solvents  and  in  the  crys¬ 
talline  state.  Gallium  thiooxinate  is  formed  at  a  ratio  of  Ga;  R=  1:2,  l.e.,  organic  solvents  apparently  extract  a 
complex  of  the  composition  Ga(C9H6NS)2  or  a  basic  thiooxinate  Ga(C9H6NS)20H. 

When  ten  times  the  amount  of  thiooxine  theoretically  necessary  for  formation  of  the  thlooxinates  is  used,  gal¬ 
lium  is  extracted  at  pH  6.5-10,  indium  at  pH  4-13,  and  thallium  at  pH  9-14.  Under  similar  conditions  gallium  8-hy- 
droxyqulnolate  is  extracted  at  pH  3.5-11  and  indium  8-hydroxyqulnolate  at  pH  5-13. 

A  method  has  been  developed  for  the  photometric  determination  of  indium  with  thiooxine  (8-mercaptoqulno- 
llne).  The  method  is  based  on  formation  of  indium  thiooxinate  In(C9H9NS)3  which  is  extracted  with  toluene  to  give 
a  yellow  colored  solution.  The  indium  complex  is  extracted  at  pH  4-12.5.  From  0.5  to  60  ng  of  indium  can  be  de¬ 
termined  in  50  ml.  The  selectivity  of  the  reaction  is  low  in  a  weakly  acid  medium.  It  is  possible  to  mask  over¬ 
whelming  amounts  of  Cu,  Ag,  Au,  Fe,  Co,  No,  Pb,  and  Pt  by  means  of  potassium  cyanide  in  an  alkaline  medium. 

Ge,  V,  As,  Mo,  W,  Re,  U  and  all  those  elements  which  do  not  form  sulfides  which  are  stable  in  aqueous  solution  (Al, 
Zr,  Ti,  Cr,  Th,  etc.)  do  not  interfere  either.  Mn,  Zn,  Hg,  Ga,  Tl,  Sn,  Pb,  Sb,  and  B1  interfere  with  indium  deter¬ 
mination.  The  advantage  of  the  method  suggested  is  the  possibility  of  determining  microgram  amounts  of  indium 
in  the  presence  of  overwhelming  amounts  of  silver,  gold,  palladium,  and  platinum  without  preliminary  removal  of 
these  elements.  The  thiooxine  method  for  the  determination  of  Indium  in  an  alkaline  medium  in  the  presence  of 
potassium  cyanide  is  more  selective  than  the  8-hydroxyquinoline  method. 
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Relatively  few  good  reagents  ate  known  for  titanium.  Arsenazo,  thoron,  and  other  reagents  give  color  reactions 
of  low  contrast  and  selectivity  with  titanium.  Reactions  based  on  formation  of  the  bond  Ti— O  [1]  are  of  the  greatest 
practical  Importance  for  titanium.  Determination  of  titanium  with  hydrogen  peroxide  [2]  is  not  too  sensitive  and 
selective.  More  sensitive  are  methods  based  on  the  reagents;  tairon,  sulfosalicylic  acid  [7-9],  salicylic  acid  [9-11], 
pyrocatechol  [5,  12,  13],  ascorbic  acid  [14-16],  diantipyrylm ethane  [17],  sallcylhydroxamic  acid  [18],  dihydroxy- 
maleic  acid  [19]  etc.  These  reagents  approximate  in  sensitivity  to  chromotropic  acid  [20]  —  one  of  the  most  sensitive 
of  the  readily  available  reagents  for  titanium.  Chromotropic  acid  has  been  used  for  developing  a  number  of  methods 
of  determining  [21-26]  and  detecting  [27-33]  titanium  in  various  materials,  and  a  considerable  amount  of  work  has 
been  devoted  to  studies  of  its  complexes  with  titanium  [34-38]  and  other  elements  [39-43].  Chromotropic  acid,  how¬ 
ever,  has  serious  disadvantages;  its  solutions  darken  on  standing  [21]  and  this  process  is  accelerated  in  the  presence  of 
copper  [36];  it  is  almost  impossible  to  obtain  colorless  preparations  of  the  reagent.  Browning  of  aqueous  solutions  of 
cliromotropic  acid  is  related  to  its  oxidation  as  a  result  of  the  high  reactivity  of  the  hydrogen  atoms  in  positions  *2" 
and  •7."  When  the  latter  are  substituted  by  chlorine  or  bromine  atoms,  the  reagents  obtained  are  stable  to  oxidation. 

The  present  article  is  devoted  to  a  description  of  a  new  organic  reagent  for  quadrivalent  titanium  —  2,7-dichloro' 
chromotropic  acid  —  which  has  been  synthesized  by  the  authors,  and  to  the  possibilities  of  its  analytical  application. 

Diehl orochromotropic  acid  exists  as  fine,  colorless  needles 

OH  OH 
Cl  I  I  Cl 


which  are  soluble  in  water  and  sparingly  soluble  in  ethanol.  Its  disodium  salt  crystallizes  with  two  molecules  of  water; 
it  is  less  soluble  than  the  free  acid,  and  is  readily  purified  by  recrystallization  from  water. 

The  absorption  curves  of  solutions  of  disodium  dichlorochromotropate  are  shown  in  Fig.  1.  Aqueous  solutions  of 
this  salt  are  colorless  and  hardly  change  at  all  on  storing  in  direct  sunlight.  Special  experiments  devoted  to  a  study 
of  the  comparative  stability  of  0.01  M  aqueous  solutions  of  chromotropic  and  dichlorochromotropic  acids  to  hydrogen 
peroxide,  showed  that  chromotropic  acid  darkens  400  times  more  quickly  than  dichlorochromotropic  acid  under  such 
conditions. 

Dichlorochromotropic  acid  interacts,  under  suitable  conditions  for  each  element,  to  form  colored  compounds 
with  Ti^  (raspberry),  Fe^^  (green),  U^^  (brown),  Hg^^*^  (pale  light-yellow),  Mo^^,  W^^  (yellow),  Cr'^^  (rose-violet 
in  almost  concentrated  H2SO4),  (dark-green).  CefV  and  Mn^^  oxidize  the  reagent,  as  a  result  of  which  a  yellow 
color  develops. 

Under  the  conditions  used  for  the  photometric  determination  of  titanium,  dichlorochromotropic  acid  does  not 
give  colors  with  Ag,  Ai,  Ba,  Be,  Bi,  Ca,  Cd,  Co^,  Cr^^,  C^'^,  Fe^^  Ga,  Hg^'^^  In,  Mg,  Mn°,  Ni,  Pb,  Pt^,  Sb^*^ 

Se'^^  Sn^*^,  Sr,  Te^,  Th,  Tl^^,  ETR,  Zn.  Zr. 
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Solutions  of  titanium  compounds  have  an  absorption  maximum  at  490  mji.  Dlchlorochromotroplc  acid  reacts 
with  Tl^  In  mote  acid  media  than  chromotropic  acid;  the  pH  values  at  which  the  reaction  proceeds  to  50‘^  extent 
ate  0,7  and  1.8  respectively.  The  effect  of  pH  on  color  development  Is  shown  In  Fig.  2.  The  sensitivity  of  dlchloro¬ 
chromotroplc  acid  for  titanium  at  pH  1.0  Is  12  times  the  sensitivity  of  the  hydrogen  peroxide  reaction,  while  at  pH 
2.0  It  Is  14  times  more  sensitive.  The  comparison  was  made  with  the  sensitivity  of  the  reaction  under  the  conditions 
used  for  determination  of  titanium  with  hydrogen  peroxide  [44].  The  molar  extinction  coefficient  of  solutions  of  the 
compound  formed  between  titanium  and  dlchlorochromotroplc  acid  is  equal  to  1.12  *10^  at  pH  2.0,  and  0.80*10*  at 
pH  1,0  and  X  =  490  mp. 


f 


Fig.  1.  Absorption  curves  of  1  •  10*  M 
solutions  of  dlsodlum  dichlorochromo- 
tropate.  1)  In  0,1  N  H2SO4  (against 
H2O);  2)  in  0.1  N  NaOH  (against  0.1  N 
NaOH);  3)  in  H2O  (pH  4.1;  against  H2O 
SF-4  spectrophotometer,  10  mm  cell. 

490  m|i,  0,1  /ig  Ti/ml  gives  an  extinction  of  0.018. 

is  linear  up  to  a  titanium  concentration  of  4-5  iig/ml. 

In  pure  solutions  are  given  in  the  table. 


E 


Fig.  2.  Effect  of  pH  on  the  de¬ 
velopment  of  color  between  Tl^ 
and  1)  chromotropic  acld(X  = 

=  450  m^);  2)  dichlorochromo- 
tropic  acid  (X  =  490  m^);  con¬ 
centrations:  reagent,  5»10”*M; 
titanium  5*10"®M;  SF-5  spec¬ 
trophotometer,  10  mm  cell. 

In  7.5*10"*  M  solutions  of  dlchlorochromotroplc 
acid  at  pH  1.0,  using  a  10  mm  cell  and  a  wavelength  of 
For  the  reagent  concentration  Indicated  the  calibration  line 
,  Results  of  the  spectrophotometric  determination  of  titanium 


Spectrophotometric  Determination  of  Titanium  with  Diehl orochro- 
motropic  Acid.  Reagent  Concentration  7.5  *10”*  M  (volume  of  solu¬ 
tion  10  ml,  cell  10  mm,  X  =  490  m/i.  The  optical  density  was  meas¬ 
ured  relative  to  a  solution  of  the  reagent) 


Ti  taken. 

1  Pound 

pH  1.0  (0.1  N  HCl) 

pH  2.0  (0.001  N  HCl) 

|ig  T1 

relative 
error,  % 

|lg  Ti 

relative 

error, 

1 

1.05 

+  5 

1.00 

•  0.0 

5 

5.05 

+  1 

5.00 

0.0 

25 

25.2 

+  0.8 

15.0 

0.0 

50,  40 

50.1 

+  0.2 

40,0 

0.0 
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The  reaction  is  fairly  selective  at  pH  1.0.  Under  these  conditions,  U^I,  and  do  not  Interfere  with 

titanium  determination.  Fe®,  Cr^,  V^,  Mo'^^  and  W^I  interfere  strongly.  Interference  from  Fe^^  V^,  and  Cr'^* 
can  be  removed  by  reducing  them  with  ascorbic  acid,  while  Mo^^  and  can  be  masked  with  phosphate. 


The  masking  effect  of  fluorides,  phosphates,  tartrates,  and  sodium  ethylenediaminetetracetate  (EDTA-Na)  is 
shown  in  Fig.  3.  In  the  case  of  the  reaction  of  Tl^  with  dlchlorochromotropic  acid,  the  effect  of  oxalates  is  almost 
analogous  to  the  effect  of  EDTA-Na.  Ascorbic  acid  in  100-fold  excess  does  not  mask  Tl^. 


Determination  of  small  amounts  of  titanium  in  dilute  solutions.  In  analytical  practice,  e.g.,  during  hydro- 
chemical  studies,  it  is  frequently  necessary  to  determine  microgram  amounts  of  elements  in  very  dilute  solutions. 

In  such  cases  pholometrlc  determinations  are  carried  out  after  preliminary  concentration  extraction,  or  after 
using  the  new  technique  of  copreclpltatlon  with  colorless  organic  copreclpltants  [45].  We  also  used  these  techniques 

for  the  determination  of  titanium  in  dilute  solutions.  It  is  known 
[45  ,  46]  that  in  order  to  extract  water  soluble  complex  compounds 
formed  with  organic  reagents  containing  sulfo  groups,  it  is  neces¬ 
sary  to  add  salts  of  heavy  hydrophobic  organic  cations  to  the  solu¬ 
tion.  Diphenylguanidlne  [45,  46]  and  trlphenylguanldlne  [47]  etc,, 
are  used  for  this  purpose. 


Ti 


We  used  diphenylguanidlne  (DPG)  and  n-butanol  for  extract¬ 
ing  the  complex  of  titanium  with  dichlcxochromotroplc  acid.  It 
was  found  that  0.25  /ig  Ti  is  almost  quantitatively  extracted  by 
3-5  ml  of  butanol  from  25  ml  of  0.1  N  H2SO4.  In  the  butanol 
medium,  just  as  in  an  aqueous  medium,  there  is  a  linear  relation 
between  optical  density  and  titanium  concentration.  In  a  butanol 
medium,  0.1  pg  Ti/ml  in  a  10  mm  cell  at  490  mp  gives  an  ex¬ 
tinction  of  0.016. 


Fig.  3.  Effect  of  tartrates  (1),  phosphate  (2), 
EDTA-Na  (3),  and  fluorides  (4)  on  the  reac¬ 
tion  between  Ti^  and  chromotropic  acid 
(pH  3.0,  X  =  450  mp);  and  dlchlorochromo¬ 
tropic  acid  )pH  1.0,  X  =  490  mji);  concen¬ 


trations:  reagent,  7.5*  10"^  M;  titanium 


h'lO"'’  M. 


For  extracting  titanium  from  0.1  N  HjSO^  at  a  concentra¬ 
tion  of  0.01-1  /ig  Ti/ml  in  solution,  1. 5-2.0  ml  of  a  0.24*%  aque¬ 
ous  solution  of  disodium  dlchlorochromotropate,  and  4  ml  of  20<^ 
DPG  chloride  per  25  ml  of  solution  should  be  added  to  the  solution. 
At  higher  titanium  dilutions,  e.g.,  at  titanium  concentrations  of 
the  order  of  0.001  |ig/ml,  it  is  not  convenient  to  use  extraction 
for  concentrating  the  titanium.  In  such  cases  it  is  more  convenient 
to  use  coprecipitation  with  colorless  copreclpltants:  this  method 
gives  good  results  at  titanium  dilutions  down  to  1: 10®  (0.25  pg  Ti 
in  250  ml).  The  complex  of  titanium  with  dlchlorochromotropic  acid  is  coprecipitated  from  0.1  N  H2SO4  with  pre¬ 
cipitates  of  diphenylguanidlne  ot-anthracenesulfonate.  The  following  procedure  is  adopted.  To  250  ml  of  test  solu¬ 
tion  which  has  an  acidity  of  0.1  N  with  respect  to  H2SO4,  and  which  has  a  titanium  concentration  of  0.001  ^gTl/ml 
or  more,  is  added  4  ml  of  a  2.4<yo  aqueous  solution  of  disodlum  dlchlorochromotropate  and  5  ml  of  a  l.S'yo  aqueous 
solution  of  potassium  a -anthracenesulfonate;  6.6  ml  of  a  20^c  aqueous  solution  of  diphenylguanidlne  is  then  added 
with  stirring.  The  precipitate  which  settles  out  is  filtered  off  through  a  funnel  fitted  with  a  glass  filter  (No.  3)  or 
tlirough  a  filter  paper,  and  dissolved  in  5  ml  of  butanol.  The  optical  density  of  the  solution  obtained  Is  measured 
in  a  10  mm  cell  at  490  m^  relative  to  a  blank  prepared  in  parallel.  The  titanium  content  is  found  from  a  calibra¬ 
tion  curve. 


Other  instances  of  the  analytical  application  of  dlchlorochromotropic  acid.  Preliminary  experiments  have 
shown  that  this  reagent  gives  sensitive  color  reactions  with  UOl^,  Fe^^^,and  and  these  reactions  may  be  of 
Interest  for  the  photometric  determination  of  these  elements.  Dlchlorochromotropic  acid  is  also  of  Interest  for  the 
titration  of  zirconium,  thorium,  and  other  elements  when  the  appropriate  metalloindlcators  are  used. 

Other  examples  of  the  analytical  application  of  dlchlorochromotropic  acid  will  be  described  in  future  com¬ 
munications. 

The  synthesis  of  2,7-dichlorochromotroplc  acid  has  been  described  elsewhere  [48]. 
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SUMMA  RY 


2,7-Dichlorochromotropic  acid  whose  solutions  are  colorless  and  stable  is  suggested  as  a  replacement  for  un¬ 
stable  chromotropic  acid  for  the  photometric  determination  of  titanium.  The  reagent  gives  a  raspberry  color  with 
Ti^,  a  green  color  with  Fe^^,  a  brown  color  with  and  a  yellow  color  with  Mo^  and  Al,  Zr,  Mg,  and 

Ca  do  not  give  colors  with  it.  At  pH  2.0  and  at  X  =  490  mji  the  molar  extinction  coefficient  is  1.12*  10*.  Inter- 
^  TTT  ^ 

ference  from  Fe  can  be  prevented  with  ascorbic  acid,  while  interference  from  Mo  and  W  can  be  prevented  with 
phosphates.  In  order  to  determine  titanium  in  solutions  in  which  its  concentration  is  0.01  pg  Ti/ml,  its  complex 
with  dichlorochromotropic  acid  is  extracted  at  pH  1  with  butanol  after  addition  of  dlphenylguanldlne  chloride.  At 
titanium  concentrations  of  0.001  pg/ml ,  the  titanium  complex  is  first  coprecipitated  with  a  colorless  organic  co- 
preclpltant,  by  addition  of  potassium  a -anthracenesulfonate  and  dlphenylguanldlne  chloride.  The  precipitate  formed 
is  filtered  off,  dissolved  in  butanol  and  the  optical  density  of  the  solution  obtained  measured  at  490  m/i  in  a  10  mm 
cell. 
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Translated  from  Zhurnal  Analltlcheskol  Khlmll,  Vol.  16,  No.  5,  pp.  578-584, 

September-October,  1961 

Original  article  submitted  May  12,  1960 


Numerous  organic  materials  containing  two  hydroxy  groups  In  the  ortho  position  to  one  another  In  the  benzene 
ring  are  reagents  for  sexlvalent  molybdenum.  Examples  of  such  reagents  are  pyrocatechol,  pyrocatecholdlsulfonlc 
acid,  stllbazo,  morln,  etc.  It  has  been  pointed  out  [1]  that  the  two  ortho  arranged  hydroxy  groups  ensure  formation 
of  characteristically  colored  compounds  with  molybdenum,  and  also  withGe,  Sn^,  Sb,  and  Zr.  Orthodihydroxy- 
chromenols,  (I-IV)  which  were  recently  suggested  by  Kononenko  and  Poluektov  [2]  for  the  photometric  determlna 
tlon  of  germanium,  belong  to  this  group  of  potential  reagents  for  molybdenum. 


CHa 

—  CHa  _ 

1 

1 

1  II  1 

Cl 

HO-(^^l^^±_CHa 

1  o 

—  0  - 

-OH  _ 

(I)  (H) 


6,7-dlhydroxy-2,4-dlmethyl- 
benzopyrllium  chloride 


7,8-dlhydroxy-2,4-dimethyl- 
benzopyrilium  chloride 


CsHa 

C,H» 

1 

1 

1  ll  1 

ML 

Cl 

L 

HO-M^;±_C.Ha 

0 

1  0 

—  - 

-OH 

(HI)  (IV) 


6,7-dihydroxy-2,4-dlphenyl- 
benzopyrilium  chloride 


7,8-dihydroxy-2,4-dlphenyl- 
benzopyrillum  chloride 


They  contain  two  ortho  hydroxy  groups  in  the  benzene  ring,  and,  as  one  might  expect,  give  colored  compounds 
with  sexi-  and  qulnquevalent  molybdenum;  some  of  them  permit  determination  of  microgram  amounts  of  this  ele¬ 
ment  by  an  extraction-photometric  method.  The  analytical  methods  which  have  been  developed  on  the  basis  of  these 
reagents  have,  in  a  number  of  Instances,  advantages  over  current  methods. 


EXPERIMENTAL 

Solutions  of  the  o-dihydroxychromenols*  were  prepared  by  dissolving  accurately  weighed  aliquots  of  the  prep¬ 
arations  In  water  or  ethanol  (the  dimethyl  derivatives  were  dissolved  In  water,  while  the  diphenyl  derivatives  were 
dissolved  in  ethanol).  The  synthesis  and  some  of  the  properties  of  the  o-dihydroxychromenols  have  been  described 
in  the  article  by  Kononenko  and  Poluektov  [2]. 

•The  authors  would  like  to  thank  L.  L  Kononenko  and  N.  S.  Poluektov  who  supplied  us  with  the  o-dlhydroxychromenols. 
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Standard  sodium  molybdate  solution  was  prepared  by  dissolving  the  pure  salt  in  water;  the  concentration  of  the 
solution  was  established  by  means  of  the  8-hydroxyquinollne  method  [3],  One  ml  of  solution  contained  on  an  average 
4.96  mn  Mo.  This  stock  solution  was  diluted  to  give  solutions  of  the  requisite  concentration. 

Optical  density  was  measured  throughout  on  a  SF-4  spectrophotometer  using  a  cell  with  a  path  length  of  1  cm. 
pH  was  measured  with  a  pH-meter  using  a  glass  electrode. 

DISCUSSION 

Kononenko  and  Poluektov  [2]  have  pointed  out  that  aqueous  and  aqueous-ethanol  solutions  of  the  o-dihydroxy- 
chromenols,  depending  on  the  pH  of  the  solution,  have  three  colored  forms  and  possess  the  properties  of  acid-base 
indicators. 

On  adding  a  dilute  solution  of  sodium  molybdate  to  solutions  of  o-dihydroxychromenols  (I-IV)  in  a  weakly  acid 
medium  (pH  2-3)  a  color  change  is  observed  (Table  1),  which  indicates  formation  of  colored  compounds.  The  latter 
can  be  extracted  with  chloroform  and  other  organic  solvents. 


TABLE  1.  Color  Change  of  Weakly  Acid  Solutions  of  the  o-Dlhydroxychromenols  on  Add' 
ing  Sodium  Molybdate 


Reagent 

Color  of  aqueous  solutions, 
pH  2-3 

Color  of  CHCI3  extracts  (aqueous  phase 
with  pH  2-3) 

reagent 

molybdenum 

compound 

reagent 

molybdenum 

compound 

I 

Pale- yellow 

Bright -yellow 

Pale-yellow 

Yellow 

n 

Lemon-yellow 

Orange 

Not  observable 

Not  observable 

m 

Lemon-yellow 

Red 

Orange 

Red 

IV 

Orange-red 

Dirty-green 

Violet- blue 

Blue 

TABLE  2.  Molar  Extinction  Coefficients  of  Solutions  of  Molybdenum 
Compounds  with  o-Dihydroxychromenols 


Aqueous  solution 

Extract  in  CHCI3 

Reagent 

pH 

^M 

pH 

^M 

I 

2.45 

3*10^  (at  432  m/i) 

2.2 

4  •  10*  (at  470  m/i) 

II 

3.25 

8*  10®  (at  500  mfi) 

- 

- 

III 

2.12 

5«  10*  (at  520  m/i) 

1.0 

5*10*  (at  535  mji) 

IV 

2.20 

6*10®  (at  630  mp) 

- 

- 

In  order  to  calculate  the  approximate  values  of  the  molar  extinction  coefficients,  optical  density  measurements 
were  made  on  solutions  of  mixtures  of  sodium  molybdate  and  five  times  its  amount  of  the  o-dihydroxychromenols  (ex¬ 
cess  of  the  latter  cannot  be  reduced)  at  the  optimum  pH  of  the  solutions  and  at  wavelengths  corresponding  to  the  ab¬ 
sorption  maximum;  the  reference  solution  was  a  solution  of  the  reagent  with  the  same  concentration  and  pH  (Table  2). 
Of  the  four  o-dihydroxychromenols  studied,  6,7-dihydroxy-2,4-diphenylbenzopyrilium  chloride  which  gives  an  intense 
red  colored  compound  with  molybdate  in  a  weakly  acid  medium  proved  to  be  the  most  sensitive  reagent  for  molyb¬ 
denum. 

The  colored  compounds  of  molybdenum  with  the  dimethyl  derivatives  of  the  chromenols  are  soluble  in  water, 
while  those  with  tlie  diphenyl  derivatives  are  insoluble  in  water  and  precipitate  out;  at  low  concentrations  of  molyb¬ 
date  a  colloidal  solution  is  formed. 

Reagents  (I-IV)  react  analogously  with  a  solution  of  a  quinqucvalent  molybdenum  salt. 

The  effect  of  pH  on  formation  of  the  compound  of  molybdenum  with  the  o-dihydroxychromenols  was  estab¬ 
lished.  2.5  ml  of  a  10"^  M  solution  of  the  reagent  (I)  was  added  to  2.5  ml  of  a  2*10"^  M  solution  of  sodium  molyb¬ 
date.  The  final  volume  was  25  ml,  and  the  pH  of  the  solution  was  adjusted  by  addition  ofhydrochloric  acid  or  sodium 
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hydroxide,  establishment  of  the  requisite  pH  being  controlled  by  means  of  a  glass  electrode.  The  optical  density 
was  measured  at  440  m/i  relative  to  water.  The  results  obtained  are  given  in  Fig.  1  (curve  1).  Experiments  were 
carried  out  in  the  same  way  with  solutions  of  the  reagent  (I)  of  equal  concentration  (Fig.  1,  curve  2).  The  differ¬ 
ence  curve  (Fig.  1,  curve  3)  shows  the  relationship  between  formation  of  the  molybdenum  compound  and  the  pH 
of  the  solution.  The  optimum  value  of  the  acidity  of  the  solution  for  color  development  is  found  within  the  narrow 
pH  range  2.5-3.  Over  this  same  Interval  there  is  a  sharp  Increase  in  the  optical  density  of  a  solution  of  the  reagent 
Itself.  All  this  complicates  the  use  of  reagent  (I)  for  the  photometric  determination  of  molybdenum  in  aqueous 
solutions.  Similar  results  were  obtained  in  aqueous  solutions  with  the  other  o-dihydroxychromenols.  In  the  case  of 
6,7-dlhydroxy-2,4-dlphenylbenzopyrillum  chloride  the  optimum  pH  of  the  solutions  is  2. 


Fig.  2.  Effect  of  the  pH  of  the  aque¬ 
ous  phase  on  the  optical  density  of  a 
chloroform  extract  of  the  compound 
of  molybdenum  with  reagent  (III).  1) 
Extract  of  a  mixture  of  sodium  molyb 
date  and  reagent  (HI);  2)  extract  of 
reagent  (HI);  3)  difference  between 
curves  1  and  2, 


Fig,  1.  Effect  of  pH  on  the  optical 

density  of  solutions  of  the  compound  Determination  of  molybdenum  by  means  of  the  o- 

of  molybdenum  with  reagent  (I).  1)  dihydroxychromenols  by  measuring  the  optical  density  of 

Solution  of  a  mixture  of  sodium  aqueous  solutions  is  not  expedient,  since  it  is  necessary  to 

molybdate  and  reagent  (I);  2)  solu-  take  at  least  a  four-fold  excess  of  reagent  over  the  molyb- 

tion  of  the  reagent  alone  (I);  3)  dlf-  denum,  and  the  color  of  the  reagent  is  partially  super- 

ference  curve.  imposed  on  the  color  of  the  molybdenum  compound  formed. 


Determination  of  microgram  amounts  of  molybdenum 
is  best  carried  out  using  6,7-dihydroxy-2,4-dlphenylbenzo- 
pyrllium  chloride  as  the  reagent,  extracting  the  molybdenum  compound  formed  with  this  reagent  with  chloroform ,  and 
measuring  the  optical  density  of  the  extract.  This  variant  of  the  method  possesses  a  high  sensitivity,  is  readily  carried 
out,  and  gives  completely  satisfactory  results. 

6,7-Dihydroxy-2,4-dlmethylbenzopyrillum  chloride  is  less  suitable  for  the  extraction  photometric  determina¬ 
tion  of  molybdenum  since  the  optical  density  of  the  chloroform  extract  in  this  case  is  strongly  dependent  on  the  pH 
of  the  aqueous  phase. 


It  is  interesting  to  note  that  a  chloroform  extract  of  6,7-dihydroxy-2,4-dlphenylbenzopyrllium  chloride  has  an 
orange  color,  and  the  optical  density  of  the  extract  at  535  m/i  is  Independent  of  the  pH  of  the  aqueous  phase  (Fig.  2, 
curve  2).  It  is  probable  that  in  this  case  only  undlssoclated  molecules  of  the  orange  colored  anhydro  base  are  ex¬ 
tracted} 


HO 


C,H5 

I 


0= 


\/\/ 
o 


-QHs. 
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during  extraction  the  reagent  changes  from  the  Ionic  form 


o 


Into  the  molecular  form 


C,H5 

I 

0= 


O 


pH  Range  for  extraction  photometric  determination  of  molybdenum.  To  determine  the  optimum  value  of  the 
pH  of  the  aqueous  phase  during  extraction  photometric  determination  of  molybdenum,  0,4  ml  of  2  •  10“^  M  sodium 
molybdate  solution  and  0.2  ml  of  a  2*10“®  M  solution  of  6,7-dlhydroxy-2,4”dlphenylbenzopyrllium  chloride  In  alco¬ 
hol  were  mixed;  dilute  HCl  or  NaOH  were  then  added  to  adjust  the  pH  to  the  requisite  value  and  the  mixture  obtained 
was  diluted  with  water  to  10  ml.  Exactly  10.0  ml  of  CHCI3  was  next  added  from  a  buret  and  the  whole  vigorously 

shaken  for  4  min.  After  the  phases  had  separated  the  optical  density 
of  the  extract  was  measured  at  535  m^i  relative  to  chloroform  (Fig.  2, 
curve  1).  The  pH  of  the  aqueous  solution  was  controlled  by  means  of 
a  pH-meter  with  a  glass  electrode,  after  extraction.  The  optical  dens¬ 
ity  of  an  extract  of  6,7-dlhydroxy-2,4-dlphenylbenzopyrlllum  chlor¬ 
ide  at  various  pH  values  of  the  aqueous  phase  was  measured  in  the 
same  way,  but  at  a  constant  concentration  of  the  reagent  (Fig.  2, 
curve  2).  The  difference  between  curves  1  and  2  Is  shown  by  curve  3. 

It  Is  clear  that  the  optical  density  of  the  extract  of  the  molybdenum 
compound  is  independent  of  pH  over  a  large  pH  range  of  the  solution 
(1-6.5). 

At  pH  <  1  low  results  were  obtained  because  of  incomplete  ex¬ 
traction  of  molybdenum.  At  pH  higher  than  6.5  a  sharp  decrease  in 
optical  density  was  observed,  although,  according  to  published  results, 
it  is  the  molybdate  anion  M0O4"  which  is  mainly  present  in  solution. 
Probably,  the  reagent  forms  a  stable  compound  with  the  molybdenyl 
cation  M.0O2*, 

The  optical  properties  of  solutions  of  the  molybdenum  com¬ 
pound.  The  absorption  curve  of  a  8«10~^  M  solution  of  6,7-dihydroxy- 
2,4-diphenylbenzopyrilium  chloride  in  a  1: 1  mixture  of  water  and 
acetone  at  pH  2,12  relative  to  water  Is  shown  In  Fig.  3  (curve  3),  The  absorption  maximum  is  located  at  450 m^;  • 
addition  of  molybdate  to  the  reagent  leads  to  a  shift  in  the  maximum  toward  the  higher  wavelengths.  The  absorp¬ 
tion  curve  of  the  compound  of  molybdenum  with  the  reagent  in  50<7o  acetone  has  a  maximum  at  520  m/i  (Fig.  3, 
curve  4),  The  sodium  molybdate  and  reagent  concentrations  in  this  case  were  4*  10"®  and  8*10"®  M  respectively  at 
pH  2.12.  The  optical  density  was  measured  relative  to  a  solution  of  the  reagent  with  the  same  concentration.  The 
absorption  curve  of  a  chloroform  extract  of  the  molybdenum  compound  has  a  maximum  at  535  m/i  (Fig.  3,  curve  2). 
The  extract  was  obtained  by  the  same  method  as  that  used  in  establishing  the  optimum  pH  value  of  the  aqueous  solu¬ 
tion  during  extraction.  The  optical  density  was  measured  relative  to  a  chloroform  extract  of  the  reagent.  The  chloro¬ 
form  extract  has  an  orange  color.  There  is  a  diffuse  maximum  at  485  mp  on  the  absorption  curve  of  a  8  •  10”®  M  solu¬ 
tion  of  the  reagent.  An  extract  of  die  reagent  itself  also  absorbs  light  at  535  m/i.  Accordingly,  during  photometric 
determination  of  molybdenum,  the  optical  density  should  be  measured  relative  to  an  extract  of  the  reagent  of  the 
same  concentration. 

•  According  to  Kononenko  and  Poluektov's  results  [2]  the  absorption  maximum  of  aqueous  solutions  of  the  reagent 
containing  1.0<ye  ethanol  and  gelatin,  is  found  at  about  440  mu. 


Fig.  3.  Absorption  curves.  1)  CHCI3  ex¬ 
tract  of  reagent  (III);  2)  extract  of  the 
compound  of  molybdate  with  reagent  (HI) 
(in  CHCI3);  3)50‘^a  aqueous-acetone  solu¬ 
tion  of  reagent  (HI);  4)  50^0  aqueous-ace¬ 
tone  solution  of  the  compound  of  molyb¬ 
date  with  reagent  (III). 
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The  molar  extinction  coefficient  of  a  chloroform  extract  of  the  complex  was  determined  at  535  m/i  in  the 
presence  of  excess  of  reagent  (ni)  (1.0  •  10"^  M)  in  the  aqueous  phase.  The  mean  value  of  seven  measurements  is 
(5.04  ±  0.03).  10^  (Table  3). 


TABLE  3.  Molar  Extinction  Coefficients 
of  Extracts  of  the  Compound  of  Molyb¬ 
denum  with  Reagent  (in) 


Cmo»  ^ 

D®®®  =  1  cm 

0,4.10-6 

0,202 

5,0.104 

1,2 

0,585 

4,90 

1,8 

0,903 

5,02 

0,8 

0,410 

5,13 

0,5 

0,250 

5,00 

1,0 

0,520 

5,20 

1,5 

0,750 

5,00 

Mean  (5,04^0,03) -lO^ 

ml  of  2*  10“*  M 

N(l2MoQ4 


ml  of  2- 10"^  M  reagent  111 


Fig.  4.  Molar  ratios  during  interac¬ 
tion  of  molybdate  with  reagent  (IH) 
as  determined  by  the  isomolar  series 
method.  The  chloroform  extract  was 
diluted  to  25.0  ml.  The  optical  dens¬ 
ity  was  measured  relative  to  chloro¬ 
form.  A  correction  was  applied  for 
the  absorption  of  the  reagent. 


Fig,  5.  Molar  ratio  during  interaction  of  The  composition  of  the  complex.  The  molar  ratio 

molybdate  with  reagent  (HI)  as  deter-  which  holds  during  interaction  of  molybdenyl  ions  and  6,7- 

mined  by  the  method  of  varying  the  con-  dihydroxy-2,4-diphenylbenzopyrilium  chloride  was  estab- 

centration  of  one  of  the  components.  The  lished  by  the  isomolar  series  method  (Fig.  4)  and  by  the 

molar  ratio  of  Mo'^^  to  reagent  (HI)  is  method  of  varying  concentrations  of  one  of  the  components 

plotted  along  the  abscissa.  (Fig.  5).  The  maximum  absorption  is  found  at  a  molar  ratio 

of  molybdate  to  reagent  of  1:  2  (Fig.  4).  In  the  method  in 
which  the  concentration  of  one  of  the  components  was  varied,  during  the  preparation  of  series  of  extracts,  the  final 
concentration  of  sodium  molybdate  in  the  aqueous  phase  was  kept  constant  at  8*10"®  M,  while  the  reagent  concen¬ 
tration  was  varied  from  1,6*10"®  to  4*10"®  M.  The  optical  density  was  measured  at  535  m^  relative  to  an  extract 
of  the  reagent  of  the  same  concentration  under  the  same  conditions.  A  sharp  break  on  the  straight  line  was  observed 
at  a  molar  ratio  of  molybdate  to  reagent  of  1 :  2.6  (Fig.  5). 


Thus  in  an  acid  medium,  reagent  (HI)  forms  a  stable  compound,  apparently,  with  the  molybdenyl  cation: 


CeHj  C.Hj 

I  I 

/  \/\_0— MoOj— O— \  y  \ 

CsH5-|^J>^J  =  0''  ''  0=\j\j-C6Hs. 

o  o 


Determination  of  molybdenum.  6,7-Dihydroxy-2,4-dlphenylbenzopyrilium  chloride  enabled  us  to  develop  an 
extraction  photometric  method  for  determining  small  amounts  of  molybdenum  in  the  presence  of  a  series  of  elements. 

It  follows  from  Fig.  5  that  during  determination  of  microgram  amounts  of  molybdenum  there  is  no  need  to  add 
a  large  excess  of  reagent.  Special  experiments  showed  that  it  is  sufficient  to  shake  for  2-5  min  in  a  0.1  M  HCl  med¬ 
ium.  The  optical  density  of  extracts  does  not  change  over  a  period  of  several  days.  The  optimum  acidity  of  the 
aqueous  phase  is  about  0,1  M  HCl.  Under  these  conditions  sodium  ethylenediaminetetracetate  (EDTA-Na)  masks 
Fe*^  and  other  ions,  and  does  not  interfere  with  molybdenum  determination. 
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A  calibration  curve  Is  constructed  by  Introducing  8.5  ml  of  an  almost  neutral  standard  solution  of  sodium  molyb 
date  containing  not  more  than  20  /ig  molybdenum  Into  a  separating  funnel;  1  ml  of  1  MHCl  Is  then  added,  followed 
by  exactly  0.5  ml  of  a  2*  10"*  M  ethanollc  solution  of  6,7-dlhydroxy-2,4-dlphenylbenzopyrlllum  chloride  measured 
out  with  a  plpet.  Exactly  10.0  ml  of  chloroform  measured  out  of  a  buret  Is  added  to  the  mixture  obtained,  and  the 
contents  of  the  funnel  are  vigorously  shaken  for  3-5  min.  After  the  phases  have  separated  out  the  orange  colored 
organic  phase  Is  Isolated  (If  a  turbidity  should  appear  the  phase  Is  allowed  to  stand  for  the  solution  to  become  clear) 
and  Its  optical  density  measured  at  535  mfi  relative  to  an  extract  prepared  under  the  same  conditions  using  the  same 
amounts  of  reagent,  but  with  no  molybdenum.  Extracts  conform  to  Beer's  law  (Fig.  6).  The  sensitivity  for  molyb¬ 
denum  determination  Is  0.01  fsg  Mo/ml. 


TABLE  4.  Photometric  Determination  of  Molybdenum  In  the  Presence  of 
Foreign  Elements 


Foreign  elements  (Me),  mg 

Ratio 

Mo:  Me 

taken! 

Mo,  Mg 
found  1  error 

0.12 

Ni 

(NiS04-5H20) 

1 

12 

9,5 

9,5 

0 

0,24 

Ni 

1 

24 

9,5 

9,7 

+0,2 

1.2  Co  (Co(N03)o-r)n,o) 

1 

120 

9,5 

9,5 

0 

0,4  Ca 

(CaClo-tiHoO) 

1 

40 

9,5 

9,5 

0 

1,3  : 

Zn 

(Zn(N03)o -41120) 

1 

1.30 

9,5 

9,6 

4-0,1 

0,06 

Cu 

(CuS04-5H20) 

1 

6 

9,5 

9,6 

+0.1 

0,12 

Cu 

1 

12 

9,5 

9,8 

+0,3 

0,1  ( 

Cr 

(CrlNOa), -61120) 

1 

10 

9,5 

9,0 

—0,5 

0,21 

Cr 

1 

22 

9,5 

9,5 

0 

0,55 

Mn 

(MnCI,-4H,0) 

1 

58 

9,5 

9,6 

+0,1 

.50 

50 

EDTA-T^a 

1 

5000 

9,5 

9,5 

0 

1(X) 

1 

10  000 

9,5 

9,5 

0 

50 

Tartaric  acid 

1 

5000 

9,5 

9,6 

+0,1 

100 

> 

> 

1 

10  000 

9,5 

9,0 

—0,5 

2,1 

Ri 

(B  i  (NO-,)  V  51120)* 

1 

210 

19,0 

19,2 

+0,2 

0,04 

Ti 

(Ti0(S04)2)* 

1 

0,4 

9,5 

9,4 

—0,1 

0,04 

Ti 

(Ti0(S04)2)* 

1 

2,1 

19,0 

19,2 

+0,2 

0,07 

Ti 

(TiO(S04),)* 

1 

7 

9,5 

12,6 

+3.1 

1.1 

Fe 

(FeCla- 61120)* 

1 

58 

19,0 

19,0 

0 

5,6 

Fe 

(FCCI3.6H2O)* 

1 

560 

9,5 

9,6 

+0,1 

33,6 

Fe 

(FeCl3-6Il.,0)** 

1 

35.30 

9,5 

9,1 

—0,4 

•  In  the  presence  of  1  ml  of  5<yo  EDTA-Na  solution. 

•  *1.2  ml  of  5^0  EDTA-Na  solution  was  added  per  10  mg  Fe. 

Molybdenum  was  determined  In  synthetic  mixtures  using  the  same  con¬ 
ditions  as  those  employed  for  constructing  a  calibration  curve,  except  that  be¬ 
fore  adding  hydrochloric  acid,  the  pH  of  the  solution  was  adjusted  to  about  2 
using  universal  Indicator  paper.  The  results  obtained  are  given  In  Table  4. 
Nickel,  cobalt,  calcium,  zinc,  copper,  divalent  manganese,  trlvalent  chrom¬ 
ium,  EDTA-Na,  and  tartaric  acid  do  not  Interfere  with  molybdenum  deter¬ 
mination.  When  EDTA-Na  Is  present,  bismuth  and  even  large  amounts  of  trl¬ 
valent  Iron,  do  not  interfere  with  molybdenum  determination  either.  The 
acidity  of  the  solution  must  be  adjusted  accurately  in  the  presence  of  Iron: 
EDTA-Na  Is  first  added  to  the  acid  solution  (pH  about  2),  HCl  Is  then  added 
In  an  amount  calculated  to  ensure  that  hydrolysis  of  the  Iron  salt  and  forma¬ 
tion  of  a  compound  of  sexlvalent  molybdenum  with  EDTA-Na  (which  Is  formed 
at  pH  4-5)  do  not  occur,  Trlvalent  Iron  Is  completely  masked  by  EDTA-Na 
at  pH  1  and  does  not  Interfere  with  determination;  under  these  conditions  a 
precipitate  of  ethylene dlamlnetetracetlc  acid  may  settle  out  (particularly  In 
the  presence  of  large  amounts  of  EDTA-Na),  but  this  does  not  interfere  with  the  determination.  Tungsten  Interfere*, 
with  molybdenum  determination. 

Determination  of  molybdenum  In  steel  is  carried  out  as  follows.  An  aliquot  of  steel  (about  0.1  g)  Is  dissolved 
In  a  mixture  of  5  ml  HNO3  (1 : 1)  and  5  ml  H2SO4  (1 : 1)  contained  In  a  100  ml  beaker,  and  the  solution  evaporated 
to  the  appearance  of  white  fumes  of  H2SO4.  If  the  steel  should  not  dissolve  completely,  a  few  ml  of  HCl  (1 : 1)  is 
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added  and  the  liquid  evaporated  to  dryness;  this  operation  is  repeated  several  times  until  solution  is  complete.  After 
cooling,  20  ml  of  water  is  added  and  the  liquid  heated  until  the  salts  have  dissolved.  The  insoluble  silica  is  filtered 
off  through  a  filter  paper,  the  filter  paper  plus  insoluble  residue  is  washed  several  times  with  the  minimum  amount 
of  water,  and  the  filtrate  collected  in  a  50  ml  standard  flask.  After  cooling,  the  filtrate  is  diluted  to  the  mark  with 


TABLE  5.  Determination  of  the  Molybdenum  Content 
of  Standard  Steel  Sample  No.  31  b.  (0,27'yoMo),  0.44^0 
C,  0.365<yo  Mn,  0.275'7o  Si.  0.017yo  S,  0.023'yfl  P,1.24'7o 
Cr,  3.40-70  Ni 


Sample 

Mo  found, 

1c 

Error 

1 

0,25 

-0.02 

0.26 

-0.01 

2 

0.27 

0 

0.26 

-0.01 

3 

0.27 

0 

water,  a  suitable  aliquot  of  this  solution  is  pipetted  into 
a  separating  funnel,  water  is  added  and  the  pH  carefully 
adjusted  to  about  2  (using  universal  indicator  paper)  in 
order  to  avoid  hydrolysis  of  the  iron  salts.  One  ml  of  a 
5<7o  solution  of  EDTA-Na  is  then  added  (for  high  iron 
contents,  1,2  ml  of  the  5‘7o  EDTA-Na  solution  is  added 
per  10  mg  iron).  One  ml  of  1  N  HCl  and  0.5  ml  of  a 
2*10"*  N  solution  of  the  reagent  are  added  and  the  solu¬ 
tion  made  up  to  10  ml  with  water.  The  procedure  used 
for  constructing  the  calibration  curve  is  then  followed. 

The  amount  of  molybdenum  is  found  from  the  calibra¬ 
tion  curve. 

Satisfactory  results  were  obtained  during  determina¬ 
tion  of  molybdenum  in  standard  steel,  sample  No.  31  b 
(Table  5). 


SUMMARY 

Of  four  dihydroxychromenols  studied  (6,7-dihydroxy-2,4-dimethylbenzopyrilium  chloride,  7,8-dihydroxy-2,4- 
dimethylbenzopyrilium  chloride,  6,7-dihydroxy-2,4-diphenylbenzopyrilium  chloride,  and  7,8-dihydroxy-2,4-di- 
phenylbcnzopyrilium  chloride)  as  potential  reagents  for  sexivalent  molybdenum,  6,7-dlhydroxy-2,4-dlphenylbenzo- 
pyrilium  chloride  gave  the  best  results. 

The  composition  of  the  compound  formed  between  molybdenum  and  6,7-dihydroxy-2,4-diphenylbenzopyrilium 
chloride  has  been  established: 


CjHs  CgHs 

I  I 

/V/\_0~MoOo-0-/\/\ 


O 


=  0'' 


0= 


-QH5. 


The  molar  extinction  coefficient  is  5.04  ±  0,03*  10*. 

An  extraction  photometric  method  has  been  developed  for  the  determination  of  molybdenum  in  steels.  The 
sensitivity  of  the  method  is  0.01  pgMo/ml.  The  method  permits  determination  of  microgram  amounts  of  molyb¬ 
denum  in  the  presence  of  nickel,  cobalt,  calcium,  zinc,  copper,  manganese,  and  chromium.  Bismuth  and  large 
amounts  of  iron  do  not  interfere  when  sodium  ethylenediaminetetracetate  is  present.  Tungsten  Interferes, 
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A  fairly  large  amount  of  work  has  been  devoted  to  studying  the  sorption  of  uranium  with  anion  exchange  resins 
from  various  media.  Some  of  the  results  obtained  have  already  found  practical  application.  The  most  Interesting 
methods  are  those  based  on  extraction  of  uranium  from  sulfuric  acid  media  with  strongly  basic  anion  exchange  resins. 
In  sulfuric  acid  solutions,  uranium.  In  practice,  forms  only  one  complex  with  the  ratio  UO|^  :  SO4  =  1 ;  1,  which  Is 
not  charged  [1-2].  Nevertheless,  uranium  Is  readily  sorbed  by  anion  exchange  resins;  this  Is  only  possible  under  con¬ 
ditions  in  which  it  is  found  In  solution  in  the  form  of  an  anion.  According  to  Arden,  Wood  [3]  and  Miller  [4]  a  nega¬ 
tively  charged  uranium  complex  Is  formed  during  sorption  on  the  resin  surface.  One  or  two  SO4”  Ions  from  the  resin 
add  on  to  tlie  UO2SO4  complex  and  give  It  a  negative  charge.  The  sorption  mechanism  can  be  expressed  by  the  fol¬ 
lowing  equation: 


2R2SO4  +  UO2SO4  =  R4[U02(S04)4]. 

The  capacity  of  anion  exchange  resins  with  respect  to  uranium  decreases  with  increasing  So\~  Ion  concentration  and 
with  the  acidity  of  the  solution  [5].  The  latter  can  be  explained  by  the  Increase  in  HSO4  Ions  In  solution  and  on  the 
resin,  which  prevents  formation  of  anionic  complexes  of  uranium  [6].  Articles  have  been  published  on  the  use  of  the 
following  strongly  basic  anion  exchange  resins  for  the  extraction  of  uranium;  Amberllte  IRA  400  [7],  Dowex  1  [8],  and 
Dowex  2  [9]. 

The  aim  of  the  work  described  here  was  to  study  the  application  of  the  Russian  anion  exchange  resin  EDE  -lOP 
for  extracting  uranium  from  ores  and  processed  products  of  these  ores,  with  subsequent  determination  of  uranium  by 
means  of  Arsenazo  I.  The  work  reduced  to  establishing  the  optimum  conditions  for  selective  sorption  of  uranium  from 
sulfuric  acid  solutions  and  for  Its  complete  desorption  from  the  resin. 

Five-seven  ml  of  resin  with  a  particle  size  of  0.2-0.4  mm  was  Introduced  into  a  column  10  mm  in  diameter 
and  was  washed  with  10'7o  hydrochloric  acid  until  the  eluate  gave  a  negative  reaction  for  trivalent  iron  with  potas¬ 
sium  thiocyanate.  The  resin  was  then  converted  Into  the  SO4  form  by  washing  it  with  5<yo  ammonium  sulfate  with 
a  pH  of  1-1.5  until  the  pH  of  the  liquid  issuing  from  the  column  was  equal  to  the  pH  of  the  solution  passed  into  It. 
One  M  HCIO4  was  used  Initially  for  eluting  uranium. 

Uranium  is  sorbed  quantitatively  at  pH  0.5-3. 5  on  passing  a  solution  through  the  column  at  the  maximum  pos¬ 
sible  rate  of  4-5  ml/min.  Uranium  is  eluted  completely  with  100  ml  of  perchloric  acid  solution  passed  through  the 
column  at  the  rate  of  2-2.5  ml/min. 

Since  perchloric  acid  is  not  always  available,  an  attempt  was  made  to  replace  It  by  a  mixture  of  nitric  acid 
and  ammonium  nitrate.  Uranium  elution  curves  obtained  on  using  such  mixtures,  with  varying  composition,  are 
shown  In  Figs.  1  and  2.  It  is  clear  that  the  eluting  action  of  the  mixture  is  determined,  in  the  main,  by  the  nitrate 
ion  concentration.  The  optimum  nitrate  Ion  concentration  appears  to  be  1  M.  Experiments  showed  that  the  most 
effective  mixture  Is  one  which  is  3’^c  with  respect  to  ammonium  nitrate  and  5‘^c  with  respect  to  nitric  acid.  One- 

•  For  communication  3  see  [10], 
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hundred  ml  of  such  a  solution  passed  through  the  column  at  the  rate  of  2.0-2.5  ml/mln  Is  sufficient  for  eluting  2  mg 
uranium. 

The  effect  of  various  cations  and  anions  on  the  sorption  of  uranium  and  its  subsequent  photometric  determina¬ 
tion  with  arsenazo  I  has  been  studied.  It  was  found  that  sexlvalent  molybdenum,  although  it  is  sorbed  with  the  uran¬ 
ium,  does  not  interfere  with  its  subsequent  determination  with  arsenazo  I,  and  can  therefore  be  present  in  appreciable 
amounts.  In  the  presence  of  quinquevalent  vanadium  which  interferes  with  the  determination  of  uranium  with  arsenazo 
I,  sorption  of  the  uranium  should  be  carried  out  at  pH  values  ^  1,  or  a  reducing  agent  should  be  added  to  the  solution. 
We  used  a  saturated  solution  of  hydrazine  sulfate  as  a  reducing  agent;  when  this  is  done  sorption  of  vanadium  only 
starts  at  pH  ^  2,7. 


Fig.  1.  Elution  cur\'es  of  uranium  from 
the  resin  EDE-lOP  with  ammonium 
nitrate  solution,  as  a  function  of  the  HNO3 
content  of  the  solution.  The  figures  on 
the  curves  relate  respectively  to;  1)  1; 

2)  3;  3)  5;  4)  10  ml  of  concentrated  HNO3 
in  100  ml  of  solution. 


Fig.  2.  Elution  curves  of  uranium  from 
the  resin  EDE-lOP  with  3*70  nitric  acid 
solution,  as  a  function  of  the  NH4NO3 
content  of  the  solution.  The  figures  on 
the  curves  relate  respectively  to;  1)  1; 
2)  3;  3)  5;  4)  10  g  of  NH4NO3  in  100  ml 
of  solution. 


Determination  of  Uranium  in  Ore  Standards 


Uranium  content, '’/c 

No.  of 

Uranium  content,  "/c 

No.  of 

Sample 

No. 

specified 

by  the  sug- 

deter¬ 

mina¬ 

tions 

Sample 

No. 

1 

specified 

by  the  sug- 

deter- 

mina- 

content 

gested  method 

content 

gested  methot 

tions 

1 

0,103±0,002 

0,102  +  0,002 

24 

6 

2,48  :}-0,04 

2,47  ±0,01 

10 

2 

0,220^-0,010 

0,217+0,004 

9 

7 

0,059  -1:0,004 

0,058  ±0,001 

14 

3 

0,530±0,009 

0,002+0,008 

0,538±0,004 

16 

8 

0,070  ±0,001 

0,070  +0,001 

8 

4 

0,003±0,003 

0,211±0,00l 

10 

9 

0,563  ±0,011 

0,561  ±0,009 

10 

5 

0,220:1^0,010 

8 

10 

0,0725±0,000/. 

0,0710±0,001 

14 

Phosphate  ions  interfere  with  the  photometric  determination  of  uranium;  they  are  not  held  firmly  by  the  resin, 
however,  and  can  be  readily  removed  from  the  column  by  eluting  the  latter  with  150-200  ml  of  ammonium  sulfate 
with  pH  0.5-1.  When  samples  contain  large  amounts  of  phosphorus,  uranium  is  sorbed  at  pH  0.5,  otherwise  a  precipi¬ 
tate  of  uranium  forms  on  establishing  the  medium.  A  pH  of  about  0.5  is  also  necessary  during  sorption  of  uranium 
from  solutions  containing  titanium.  At  higher  pH  values  Ti  hydrolyzes  in  the  column  and  interferes  with  subsequent 
determination  of  uranium. 

Interference  from  Cl"  and  excess  SO4"  on  sorption  of  uranium  was  not  detected  even  a  molar  ratios  of  1;  15,000 
and  1 ;  400,000  respectively.  Iron  and  copper  are  quantitatively  separated  from  uranium  on  eluting  the  column  with 
150-200  ml  of  5‘yc  ammonium  sulfate  solution.  Completeness  of  separation  from  these  elements  was  checked  by  test¬ 
ing  the  eluate  for  Fe^^  potassium  thiocyanate. 

On  the  basis  of  the  work  carried  out  the  following  method  is  suggested  for  determination  of  uranium  in  ores. 

EXPERIMENTAL 


A  0.5  g  aliquot  of  ore  (for  uranium  contents  of  0.01-0.1*70)  is  decomposed  with  hydrochloric  acid  and  hydrogen 
peroxide.  As  soon  as  only  2-3  ml  of  liquid  remains  in  the  flask  it  is  cooled,  5-7  ml  of  concentrated  sulfuric  acid  is 


added  and  the  liquid  evaporated  to  a  volume  of  1-2  ml.  Evaporation  to  dryness  Is  not  recommended  since  In  such 
cases  low  results  are  obtained,  particularly  In  the  presence  of  phosphorus.  Twenty-twenty-five  ml  of  water  Is  added 
and  the  liquid  boiled  for  5-7  min  under  a  watch  glass;  the  Insoluble  residue  Is  filtered  off  and  the  filtrate  diluted  to 
70-80  ml. 

When  the  sample  contains  vanadium,  2-5  ml  of  a  saturated  hydrazine  sulfate  solution  Is  added  to  the  filtrate 
obtained  and  the  pH  adjusted  to  1.0-1. 5  by  means  of  ammonia.  When  a  sample  contains  a  large  amount  of  phos¬ 
phorus  and  titanium,  the  pH  of  the  solution  should  be  adjusted  to  0.5. 

The  requisite  pH  value  Is  established  using  methyl  violet  as  external  Indicator  (first  color  change  from  yellow 
to  green  at  pH  0.5;  second  color  change  from  green  to  blue  at  pH  1.0-1. 5). 

The  original  solution  prepared  In  this  way  Is  passed  through  a  column  at  the  rate  of  4-5  ml/mln. 

The  column  Is  next  washed  with  ammonium  sulfate  solution  with  pH  1-1.5  until  the  eluate  gives  a  nega¬ 
tive  reaction  for  Fe^^^  with  potassium  thiocyanate,  or  a  negative  reaction  for  POj”  with  molybdenum  solution;  the 
uranium  Is  then  desorbed  by  passing  100  ml  of  a  solution  which  Is  with  respect  to  NHiNO^  and  5^0  with  respect 
to  HNOj,  through  the  column.  The  eluate  Issuing  from  the  column  at  this  stage  Is  collected  In  a  100  ml  standard 
flask  and  the  uranium  content  of  this  solution  determined  on  an  aliquot  by  means  of  arsenazo  I  as  described  earlier 
[10].  The  column  is  restored  to  its  operating  condition  by  eluting  it  with  50-70  ml  of  a  5‘yo  ammonium  sulfate  solu¬ 
tion. 

Results  for  the  determination  of  uranium  in  a  series  of  ore  standards  are  given  In  the  table.  The  method  Is  very 
simple  to  carry  out;  no  expensive  reagents  are  required.  Resin  EDE-lOP  is  characterized  by  Its  high  mechanical  sta¬ 
bility  and  by  its  resistance  to  various  types  of  chemical  action;  we  were  able  to  work  with  one  lot  of  resin  for  18 
montlis.  Ten  to  fifteen  determinations  can  be  carried  out  in  10  hr. 

SUMMARY 

A  method  has  been  developed  for  the  photometric  determination  of  uranium  in  ores  by  means  of  arsenazo  I 
aftiT  preliminary  removal  of  uranium  from  Impurities  with  the  anion  exchange  resin  EDE-lOP. 
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Rhenium  and  molybdenum  are  separated  most  often  by  extraction,  by  chromatographic  methods,  by  precipita¬ 
tion  of  certain  sparingly  soluble  compounds,  and  by  distillation  of  rhenium  on  heating  the  solution  [1].  These  methods 
differ  very  much  from  each  other  in  the  efficiency  of  separation.  For  separating  small  amounts  of  septivalent  rhenium 
and  sexivalent  molybdenum  we  have  used  coprecipitation  of  the  latter  with  ferric  hydroxide.  Coprecipitation  of  per- 
rhenate  ions  with  ferric  hydroxide  does  not  exceed  a  few  percent  at  low  rhenium  contents  and  when  large  amounts  of 
carrier  are  used  [2].  These  results  were  confirmed  again  under  the  conditions  used  for  separating  rhenium  and  molyb¬ 
denum. 

First  of  all  we  studied  the  behavior  of  rhenium  and  molybdenum,  taken  separately,  during  precipitation  of  ferric 
hydroxide,  and  then  precipitated  the  carrier  in  the  presence  of  perrhenate  and  molybdate  ions.  The  amount  of  rhenium 
remaining  in  solution  and  entrained  by  the  precipitate  was  controlled  by  means  of  the  radioactive  isotope  Re^*,  whose 
activity  was  measured  with  a  special  quartz  cell  on  a  B-2  setup  described  earlier  [3].  In  some  Instances  rhenium  was 
determined  photometrically  by  the  thiocyanate  method.  The  amount  of  molybdenum  in  solution  and  in  the  precipitate 
was  determined  by  the  thiocyanate  method  on  a  FEK-N-57  mlcrophotocolorlmeter  fitted  with  a  No.  3  filter  (maximum 
transmission  at  453  m/i).  A  No.  2  filter  with  maximum  transmission  at  413  m/i  (Fig.  1)  can  be  used  for  rhenium  de¬ 
termination. 

Molybdenum  was  determined  by  the  same  method  in  all  experiments  [ 4].  About  7  ml  of  an  acid  mixture  (725 
ml  water,  225  ml  H2SO4,  and  50  ml  HCl),  3  ml  of  a  25*70  solution  of  potassium  thiocyanate,  and  0.5  ml  of  10<yo  SnCl2  • 
•2H2O  or  water  were  added  to  the  molybdenum  containing  solution  and  the  volume  made  up  to  25  ml.  After  mixing, 
the  solution  was  poured  into  a  cell  and  its  optical  density  measured;  the  latter  was  always  measured  after  the  same 
time  interval  after  addition  of  the  SnCl2  •2H2O,  since  the  color  intensity  changes  slightly  (curves  4  and  5  in  Fig.  1) 
with  time.  Special  experiments  showed  that  the  optical  density  of  solutions  of  the  thiocyanate  compound  of  molyb¬ 
denum  decreases  more  rapidly  the  greater  the  amount  of  SnCl2. 

Coprecipitation  was  studied  under  the  following  conditions;  volume  of  solution  20.0  ml;  amount  of  carrier 
0.2  mg  at  of  iron  (10.2  mg  Fe);  NH4CI  concentration.  1  M;  temperature  17";  contact  time  of  solution  with  precipi¬ 
tate  10-30  min.  Ferric  hydroxide  was  precipitated  by  addition  of  alkali  (potassium  hydroxide,  ammonia,  pyridine) 
to  an  acid  solution  containing  iron  chloride,  molybdate,  and  {jcrrhenate.  The  precipitate  was  separated  from  the 
solution  by  centrifuging.  After  removal  of  the  precipitate,  all  the  solution  was  placed  in  the  cell  in  which  the  radio¬ 
activity  of  rhenium  was  measured;  subsequently,  using  a  LP-5  pH-meter  the  pH  of  the  solution  was  determined.  The 
precipitate  was  dissolved  in  2  ml  of  2  N  hydrochloric  acid;  this  solution  was  poured  into  a  beaker  containing  10  ml 
of  0.8  N  potassium  hydroxide.  After  centrifuging,  the  solution  was  diluted  to20  ml  and  the  molybdenum  determined 
on  an  aliquot  by  the  thiocyanate  method.  Under  these  conditions  no  coprecipitation  of  molybdenum  with  ferric  hy¬ 
droxide  was  observed. 

The  amount  of  solution  lost  in  impregnating  the  precipitate  and  remaining  on  the  beaker  walls  and  the  centri¬ 
fuge  tubes  amounts  to  about  3-4*70  of  the  original  volume  of  solution  (20  ml)  in  the  case  of  10  mg  of  iron. 

During  a  study  of  the  coprecipitation  of  small  amounts  of  rhenium  (from  0.2  to  100  ng)  it  was  found  that  under 
the  experimental  conditions  used  (pH  from  5  to  10;  NH4CI  concentration,  1  N)  no  coprecipliation  of  rhenium  with 
ferric  hydroxide  is  observed,  i.e.,  the  extent  of  coprecipitation  for  the  most  part  is  zero,  and  does  not  exceed  2-3*70 
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of  the  original  amount  of  rhenium  in  individual  cases,  this  being  approximately  equal  to  the  experimental  error.  Co- 
preclpltatlon  of  1  mg  of  molybdenum  with  ferric  hydroxide  amounts  over  a  certain  pH  range  to  lOO^^o  and  decreased 
to  zero  on  Increasing  the  pH  further  (Fig.  2).  During  precipitation  of  the  carrier  in  the  presence  of  molybdenum  and 
rhenium,  the  ratio  between  rhenium  and  molybdenum  was  varied  from  1: 10  (1  mg  Mo:  100  pg  Re)  to  1:  5,000  (1  mg 

Mo:  2  /ig  Re).  Determination  of  rhenium  and  molybdenum  in  the 
precipitate  of  the  carrier  by  Sandell's  method  [5],  which  consists  in 
separating  Mo  and  Re  by  ether  extraction  of  hydrochloric  acid  solu¬ 
tions  of  the  thiocyanate  complex  of  molybdenum  in  the  presence  of 
mercury,  and  photometric  determination  of  Re  and  Mo,  showed  that 
that  up  to  15<7c  of  the  rhenium  taken  was  present  in  solution,  while 
the  use  of  the  radioactive  Isotope  Re^*  indicated  that  the  precipi¬ 
tate  only  contained  2-3*70  of  the  rhenium,  the  latter  coming  from 
the  solution  impregnating  the  precipitate.  Apparently,  the  extrac¬ 
tion  method  described  is  not  good  enough  to  ensure  complete  ex¬ 
traction  of  molybdenum,  and  therefore  leads  to  errors  in  rhenium 
determination. 

Results  of  the  study  of  separating  molybdenum  and  rhenium 
are  given  in  the  table. 

During  coprecipitation  of  1  mg  of  molybdenum  with  0.1  mg 
atom  of  iron,  incomplete  entrainment  of  the  molybdenum  by  the 
precipitate  occurs  (about  94<7c)  at  pH  4-5.  Presumably,  molybdenum 
enters  into  the  composition  of  the  precipitate  in  the  form  of  dimeric 
or  polymeric  ions,  since  precipitation  is  carried  out  from  weakly 
acid  solution.  If  it  is  assumed  that  the  precipitate  contains  ferric 
hydroxide  and  normal  ferric  molybdate,  then  the  composition  of  the 
precipitate  can  be  written  as  15Fe(OH)3 ‘FegfM 004)3.  ^ 

assumed  therefore  that  the  solid  phase  consists  mainly  of  the  carrier- 
ferric  hydroxide  —  with  which  the  molybdenum  is  coprecipitated. 
Complete  coprecipitation  of  1  mg  of  molybdenum  with  ferric  hy¬ 
droxide  occurs  when  the  amount  of  carrier  used  is  greater  than  0.1 
mg  at;  0.2  mg  at.  of  iron  is  quite  sufficient  for  this  purpose.  On 
the  basis  of  the  results  given  in  Fig.  2  and  in  the  table,  one  can  make  the  following  conclusions  regarding  the  sepa¬ 
ration  of  molybdenum  and  rhenium  by  coprecipitation  of  molybdenum  with  ferric  hydroxide:perrhenate  ions,  even 
at  low  concentrations  (from  5.10"®  to  2.7.10“®  g.  ion/liter)  are  hardly  coprecipitated  at  all  with  ferric  hydroxide; 

1  mg  of  molybdenum  is  completely  coprecipltated  with  0.2  mg  at  of  iron  precipitated  as  its  hydroxide  at  pH  values 
for  incipient  coagulation  up  to  7.5  [7];  on  increasing  the  pH  further  to  10.5  coprecipitation  of  molybdenum  drops  to 
0;  changes  in  ammonium  chloride  concentration  from  0.2  to  2  M  have  no  effect  on  coprecipitation  of  molybdenum 
with  ferric  hydroxide;  variations  in  the  contact  time  of  precipitate  with  solution  from  1-2  m  to  30  min  do  not  affect 
the  extent  to  which  molybenum  is  coprecipltated  with  the  carrier. 


n 


'to  to  to  to  ^min 


Fig.  1.  Calibration  curves  for  rhenium  and 
molybdenum.  Change  in  optical  density  of 
solution  with  time.  1)  Re,  filter  No.  2;  2) 
Re,  filter  No.  3;  3)  Mo,  filter  No.  3;  4)  and 
5)  time  plotted  along  the  abscissa.  Re  (4) 
and  Mo  (5)  in  solution. 


Separation  of  Mo  and  Re  by  Coprecipitation  of  Mo  with  Ferric  Hydroxide 


Expt, 

No. 

1 

pH 

NH4CI 

con- 

cen- 

tratior 

M 

Rhenium 

Molybdenum 

taken 

found  in 
solution 

0 

Copreci¬ 

pitated, 

-A _ 

taken 

found  in  the 
precipitate 

Copreci¬ 

pitated, 

1c 

Mg 

cpm 

cpm 

Mg 

Mg 

D 

Mg 

1 

4,98 

1 

10 

3100+16 

3026+16 

9,76 

3 

0 

1000 

1,09 

1020 

102 

2* 

5,48 

1 

10 

3040+16 

2972+16 

9,72 

3 

0 

1000 

1,07 

1000 

100 

3 

6,12 

1 

10 

3050+16 

2930+16 

9,61 

3 

1 

1000 

1,07 

1000 

100 

4 

9,10 

1 

10 

2643+14 

2510+14 

9,58 

3 

1,2 

1000 

0,385 

350 

35 

5* 

5,52 

2 

10 

1390±10 

1332+10 

9,58 

3 

1,2 

1000 

1,06 

990 

99 

6* 

5,30 

0,2 

10 

1423+12 

1390+12 

9,70 

3 

0 

1000 

1,06 

990 

99 

7* 

5,51 

1 

0,2 

461  +  3 

416+5 

0,187 

3 

3,5 

1000 

1,08 

1020 

102 

8 

9 

8,30 

1 

0,2 

455+5 

422+5 

0,136 

3 

4 

1000 

0,75 

685 

68,5 

•  In  these  experiments  ferric  hydroxide  was  precipitated  by  dropwise  addition  of  0.08 
ml  of  pyridine  until  coagulation  of  the  precipitate. 
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Accordingly,  the  following  technique  can  be  recommended  for  separating  and  determining  small  amounts  of 
rhenium  and  molybdenum;  to  a  hydrochloric  acid  solution  containing  rhenium  and  molybdenum  in  the  highest  oxi¬ 
dized  form  is  added  ferric  chloride  at  the  rate  of  about  10  mg  Iron  per  mg  molybdenum;  this  Is  followed  by  ammon¬ 
ium  chloride,  and  then  pyridine  or  ammonia  dropwlse  until  the  NHiCl  concentration  lies  within  the  limits  0.2-2  M 
and  until  the  ferric  hydroxide  is  precipitated  and  coagulated,  but  not  enough  to  bring  the  pH  above  7.  The  precipi¬ 
tate  which  contains  all  the  molybdenum  is  separated  from  the  solution  In  which  the  rhenium  Is  determined  by  the 
thiocyanate  method.  The  precipitate  Is  dissolved  in  hydrochloric  acid  and  this  solution  Is  poured  Into  excess  alkali; 
during  this  stage  all  the  molybdenum  dissolves.  After  removal  of  the  hydroxide  by  centrifuging,  molybdenum  Is  de¬ 
termined  In  the  solution. 


Fig.  2.  Coprecipitation  of  molybdenum  and  rhenium  with 
ferric  hydroxide.  1)  Coprecipitation  of  Mo  (0.2  mg  at.  Fe); 

2)  ditto  (0.2  mg  at.  Fe;  I)  Mo  =  1  mg;  II)  Re  =  1  jig;  III) 

Re  =  10  fig;  IV)  Re  =  100  /ig;  V)  Re  =  0.2  pg;  VI)  Mo  =  2  mg; 

Fe  =  0.2  mg  at.  Points  A  and  C,  precipitation  with  pyridine. 

The  method  suggested  is  very  simple  and  is  applicable  to  a  wide  range  of  molybdenum  to  rhenium  ratios;  their 
separation  Is  complete.  The  whole  operation  can  be  carried  out  In  10-15  min. 

A  similar  separation  method  can,  as  special  experiments  showed,  be  applied  to  the  separation  of  tungsten  and 
rhenium. 


SUMMARY 

Perrhenate  Ions  are  hardly  coprecipitated  at  all  with  ferric  hydroxide  under  varying  conditions.  Copreclpita- 
tlon  of  molybdenum  with  ferric  hydroxide  amounts  to  100‘yo  over  a  certain  pH  range,  but  can  drop  to  0, 

A  simple  and  rapid  method  based  on  coprecipitation  of  molybdenum  with  ferric  hydroxide  at  pH  <  7.5  Is  sug¬ 
gested  for  separating  molybdenum  and  rhenium. 
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The  polarographic  behavior  of  many  ions  in  solutions  of  lactates,  malates,  and  salicylates  [1]  was  the  subject 
of  an  earlier  communication.  In  order  to  study  the  complex  forming  properties  of  materials  of  the  given  type  further, 
we  chose  sulfosallcyllc  acid  and  its  disodium  salt,  which  have  hitherto  been  mainly  used  during  photometric  deter¬ 
minations  [2,  3].  Complexes  of  sulfosallcyllc  acid  with  cadmium,  gallium,  iron,  titanium,  nickel,  and  manganese 
have  been  studied  polarographically  [4-7].  The  results  obtained,  however,  have  not  been  used  for  analytical  purposes. 

The  present  article  is  devoted  to  the  results  of  a  study  of  sulfosallcyllc  acid  or  its  disodium  salt  as  supporting 
electrolytes;  the  purpose  of  the  study  was  to  establish  the  possibility  of  determining  certain  ions,  in  particular,  in  a 
alkali  media.  The  most  interesting  of  the  restults  obtained  was  the  polarographic  behavior  of  the  complex  of  dival¬ 
ent  manganese,  whose  reduction  wave  was  used  for  its  determination  in  mineral  raw  material. 

EXPERIMENTAL 

Sodium  sulfosalleylate  (0.4  M)  solution  and  1  M  ammonium  sulfosallcylate  solution  were  prepared  by  mixing 
equivalent  amounts  of  sulfosalicylic  aeid  with  NaOH  and  NII4OH.  The  pH  of  the  solutions  of  the  sulfosallcylates 
was  adjusted  to  a  value  dependent  on  the  buffer  used  (Clark  and  Lebs  or  borate  buffer)  by  addition  of  sodium  hydrox¬ 
ide  or  ammonia  until  the  requisite  value  was  obtained,  after  addition  of  the  salts  of  test  elements. 

Polarographie  curves  were  recorded  on  a  V.  301  Heyrovsky  polarograph  with  a  30  galvanometer,  using  a  Calou- 
sek  cell  fitted  with  a  saturated  calomel  electrode. 

Results.  Results  of  the  polarographic  behavior  of  individual  ions  are  given  in  the  table.  On  the  basis  of  pre¬ 
liminary  experiments  it  was  established  that,  from  a  practical  point  of  view,  the  most  interesting  feature  is  the  polaro¬ 
graphic  behavior  of  manganese.  Divalent  manganese  in  a  medium  of  0.4  M  sodium  sulfosallcylate  at  pH  8-9  gives 
a  colorless  complex,  as  a  result  of  the  depolarization  of  which  there  appears  a  wave  with  a  diffusion  character  at 
negative  potentials  (at  approximately  —0.80  v).  On  increasing  the  alkalinity  of  the  solution  by  addition  of  sodium 
hydroxide,  gradual  oxidation  of  the  divalent  manganese  complex  by  atmospheric  oxygen  to  a  trivalent  manganese 
complex  commences  and  the  solution  acquires  an  olive-brown  color.  The  oxidation  rate  (followed  polarographically) 
increases  on  increasing  the  pH  and  reaches  a  maximum  at  a  concentration  of  0.1  M  NaOH  and  0.4  M  sodium  sulfo¬ 
sallcylate.  At  liigher  alkali  concentrations  precipitation  of  manganese  commences,  probably  as  its  hydroxide. 

Oxidation  of  the  divalent  manganese  complex  by  atmospheric  oxygen  is  manifested  polarographically  by  the 
appearance  of  a  developed  reduction  wave  with  a  very  positive  potential  in  the  range  +  0.02  v  to  —0.17  v  (saturated 
calomel  electrode).  With  increasing  alkalinity  of  the  solution  the  half-wave  potential  shifts  to  more  negative  values. 

On  Increasing  the  sodium  sulfosallcylate  concentration,  while  keeping  the  sodium  hydroxide  concentration  con¬ 
stant  (5*  10"*  M),  the  half-wave  potential  hardly  changes  at  all,  while  the  wave  height  increases.  At  sodium  sulfo¬ 
sallcylate  concentrations  less  than  5*  10"*  M  (NaOH  concentration  =  5*10"*  M)  a  precipitate  is  formed.  It  follows 
therefore  that  the  most  suitable  electrolyte  is  a  solution  of  5*  10”*  M  NaOH  and  4*10"^  M  sodium  sulfosallcylate. 

In  this  medium  the  half-wave  potential  of  the  trivalent  manganese  complex  is  equal  to  —0.14  v  (saturated  calome  1 
electrode).  The  diffusion  character  of  the  wave  is  confirmed  by  the  linear  relationship  between  the  value  of  the 
diffusion  current  and  the  height  of  the  mercury  reservoir,  and  also  between  the  value  of  the  diffusion  current  and  the 


•  Communication  1,  see  [1]. 
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manganese  concentration  over  the  range  1  •  10"*  -  1  •  lo"^  M.  In  this  medium  quantitative  oxidation  of  divalent 
manganese  Is  complete  within  only  3  min  as  a  result  of  the  action  of  air  on  the  solution.  The  wave  height  does  not 
change  further  even  under  the  continued  effect  of  air;  it  does  not  matter  therefore  how  long  the  solution  remains  in 
air  after  It  has  been  oxidized.  No  maximum  appears  on  the  curve. 

Half-wave  Potentials  of  Certain  Ions  in  Sodium  and  Ammonium  Sulfosallcylate 


Ion 

Media 

sodium  sulfosallcylate 

ammonium  sulfosallcylate 

1 

pH  6 

pH  s 

pH  13  1 

pH  14 

Fe-^ 

a— 1,36 

a-0,70 

e 

e 

Fe3+ 

e 

a— 1 ,02 

a— 1,08 

a— 0,69 

a— 1,32 

b-1,46 

e 

a-1,34 

Ni2-^ 

b— 1,04 

a— 1,07 

e 

b— 1,10 

Mo«+ 

g — 0,45a — 0,65 

e 

e 

e 

Ti4> 

b-0,80 

c— 1,26 

a-0,74 

e 

Ge*^- 

a— 1,36 

b— 1,44 

b— 1,55 

b— 1,38 

W«+ 

g— 1,35a— 1,44 

e 

e 

f 

Pd2^ 

h— 0,51 

h— 0,56 

h— 0,58 

d 

Sn<+ 

b— 1,29 

c — 1 ,44 

g-l.41a-l.02 

b-1,38 

Sb*^ 

b— 0,63 

b— 0,72 

a-0,75 

d 

As3+ 

c— 1,38 

b— 1,67 

e 

g-1.59 

Sb3+ 

d 

a-0,78 

b-0,84 

b-0,75 

Cd2+ 

c— 0,55 

b— 0,58 

a — 0,68 

a— 0,79 

Cu2+ 

a— 0,14 

b— 0,33 

b— 0,39 

g — 0,16a — 0,46 

Tl+ 

b-0,42 

e— 0,42 

e— 0,37 

b-0,32 

Zn2+ 

e 

g— 1,18;— 1,32 

g-l,41;-l,57 

a— 1,30 

Y5  + 

e 

e 

e 

b— 1,13 

Mn2+ 

e 

c-0,83 

a(Mn”')-0,14 

a— 1,70 

e 

a— 0,55 

a— 0,60 

b— 0,60 

Cr»+ 

e 

c— 0,32 

a— 0,81 

b— 0,28 

Sn2+ 

e 

e 

e 

e 

As®^' 

0 

e 

e 

e 

ln3+ 

e 

e 

e 

e 

Ce3^■ 

e 

e 

e 

e 

Ce4+ 

e 

e 

e 

e 

Tli<+ 

e 

e 

e 

e 

a)  Good  wave  with  a  diffusion  character,  suitable  for  analytical  use;  b)  clearly  defined 
wave  with  a  diffusion  character;  c)  wave  which  is  difficult  to  measure;  d)  precipitate 
formation;  e)  reduction  could  not  be  effected  over  the  available  potential  range;  0  be¬ 
ginning  of  hydrogen  overvoltage  (depressed);  g)  double  wave;  h)  poorly  developed  double 
wave;  only  the  approximate  mean  value  of  the  half-wave  potentials  of  both  waves  is 
given.  The  half-wave  potentials  were  measured  relative  to  the  saturated  calomel  elec¬ 
trode.  Ionic  concentration  1  •  10'*  M. 

Nitrogen  was  used  to  purge  oxygen  from  the  solution  before  taking  polarograms.  It  follows  from  the  table  that 
copper  and  thallium  will  interfere  with  the  polarographic  determination  of  manganese,  since  these  elements  are  polar¬ 
ized  in  a  potential  region  close  to  the  half-wave  depolarization  potential  of  manganese;  platinum  and  gold  will  also 
interfere  since  their  waves  precede  the  manganese  wave. 

Interference  may  also  be  shown  by  antimony,  lead,  and  silver  since  they  form  precipitates  In  this  medium,  and 
the  trivalent  manganese  In  the  form  of  its  complex  may  be  partially  adsorbed  by  these  precipitates.  Elements  which 
form  complexes  with  sodium  sulfosallcylate  may  also  interfere  since  they  depress  the  concentration  of  the  sulfosallcyl¬ 
ate  in  the  supporting  electrolyte.  Accordingly  in  order  to  carry  out  an  analysis  the  method  of  standard  additions  must 
be  used. 

The  complex  of  divalent  manganese  with  sulfosalicylic  acid  has  been  studied  by  Japanese  research  workers  [7]. 
They  used  hydroxylamine  hydrochloride  for  preventing  the  complex  from  being  oxidized.  The  wave  of  the  trival¬ 
ent  manganese  complex  studied  in  the  work  described  in  the  present  article  is  more  suitable  for  analytical  purposes 
because  of  the  positive  value  of  the  half-wave  potential. 
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peterm [nation  of  manganese  In  slderltes.  A  0.2  g  finely  ground  sample  is  dissolved  in  approximately  15  ml 
hydrofluoric  acid  and  two  drops  of  concentrated  sulfuric  acid  contained  In  a  platinum  crucible;  the  mixture  Is  heated 
to  the  appearance  of  white  fumes.  The  residue  in  the  crucible  Is  dissolved  In  hot  watef  and  the  solution  quantitatively 
transferred  to  a  100  ml  standard  flask.  Twelve  g  of  sodium  sulfosallcylate  Is  added,  and  sodium  hydroxide  solution  Is 
added  dropwlse  until  an  orange  color  appears.  Sodium  hydroxide  Is  then  added  In  sufficient  amount  to  ensure  that  its 
final  concentration  In  the  solution  in  the  standard  flask  Is  5*  10“*  M.  The  volume  of  the  solution  Is  made  up  to  the 
mark  with  water  and  the  whole  mixed.  An  aliquot  of  this  solution  is  transferred  to  a  Calousek  cell,  and  after  3  min 
(after  oxidation  of  the  manganese  complex  by  air)  oxygen  Is  purged  from  It  by  means  of  nitrogen;  polarograms  are 
taken  starting  at  +0,1  v  using  anode-cathode  polarization  and  a  2  v  storage  battery.  The  results  are  evaluated  by 
the  method  of  standard  additions.  Two  different  samples  of  slderlte  with  contents  of  2,06<)b  and  l,92<)fc  manganese 
were  analyzed  In  this  way.  The  values  found  were  2,06'%  and  1,87“%  respectively. 


Fig,  1,  Polarographlc  determination  of  manganese  in  slderltes. 
Electrolyte;  5*10"*  M  NaOH  and  4»10~^  M  sodium  sulfosallcyl¬ 
ate.  1)  Sample;  2)  ditto  +  0.55  mg  Mn;  3)  sample;  4)  ditto  + 

+  0.55  mg  Mn,  Storage  battery  2,0  v;  S  =  1/15,  anode-cathode 
polarization  (saturated  calomel  electrode):  oxidation  by  air  for 
3  min;  purging  with  nitrogen  for  3  min. 


Fig.  2.  Relation  between  wave  height  and  manganese  concentration,  and  betweenwave 
height  and  the  height  of  the  mercury  reservoir.  Electrolyte;  5»10“*  M  NaOH  and  4* 
*  10“^  M  sodium  sulfosallcylate.  1-5)  1  •  10"*  M  —  5  •  lO”*  M  MnCl2:  5-9)  5 •  10"*  M 
MnCl2;  5)  h  =  64  cm;  6)  h  =  49  cm;  7)  h  =  36  cm;  8)  h  =  25  cm;  9)  h  =  16  cm. Stor¬ 
age  battery  2,0  v;  S  =  1/40;  polarograms  taken  during  anode-cathode  polarization 
(saturated  calomel  electrode);  oxidation  by  air  for  3  min;  purging  with  nitrogen  for 
3  min. 
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SUMMARY 


The  polarographic  behavior  of  a  number  of  Ions  In  alkaline  sulfosallcylate  solutions  has  been  studied,  and  a 
method  has  been  developed  for  the  rapid  determination  of  manganese  in  mineral  raw  material.  The  reduction  waves 
of  a  trivalent  manganese  complex  were  used. 
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Earlier  [1]  we  suggested  a-furildloxlme,  which  permits  determination  of  5*  10”*  g  or  5»10”*<^  of  nickel  In 
one  g  of  Indium  or  aluminum,  for  determining  nickel  In  high  purity  metals.  In  order  to  determine  smaller  amounts 
of  lUckel  without  Increasing  the  weight  of  metal  sample.  It  Is  obvious  that  one  must  use  a  reagent  which  gives  a 
compound  with  a  higher  molar  absorption  coefficient  with  nickel. 


TABLE  1.  Molar  Extinction  Coefficients  of  Comp)ounds  of  Nickel 
with  Dioximes 


Reagent 

^max 

®  max  [2] 

e* 

a  -Benzyldioxim- 

273 

4,03.10* 

5,0.10*  (A,*=275  mp) 

ate 

361 

9,89.10* 

1,0.10* 

406 

1,09.10* 

1,2.10* 

A -Furlldloximate  ' 

293 

3,90.10* 

5,0.10** 

384 

1,04.10* 

1,0.10* 

435 

1,52.10* 

1,9.10* 

•c  -values  were  obtained  by  measuring  the  absorption  of  chloroform 
solutions  of  the  nickel  dloximates  separated  In  the  solid  form. 

As  the  results  In  Table  1  show,  nickel  dloximates  have  three  absorption  bands.  Nickel  a -benzyl dloxlm ate  and 
nickel  a -furlldloximate  absorb  strongly  in  the  ultraviolet.  The  reagents  themselves,  however,  which  are  always  taken 
In  excess  for  the  determination  of  nickel  and  are  readily  soluble  In  the  extractants  used,  absorb  In  this  spectral  region. 

We  decided  on  a-benzyldioxlme,  since  Its  compound  with  nickel  is  stable  to  the  action  of  alkali,  and,  in  ccmi- 
trast  to  the  compound  of  nickel  with  a -furlldloxlme  and  the  free  reagent,  can  be  removed  from  the  extractant  layer 
with  a  solution  of  sodium  hydroxide  (Fig.  1),  so  that  measurements  can  be  made  at  X  =  273  mp  («  =  50,000). 

EXPERIMENTAL 

Reagents  and  apparatus.  All  the  reagents  and  distilled  water  used  were  carefully  purified  both  from  possible 
traces  of  nickel  and  from  materials  which  exhibit  characteristic  absorption  at  275  mji  and  which  can  be  extracted 
by  chloroform. 

Nitric  acid  was  purified  by  distillation  In  quartz  apparatus.  Commercial  chloroform  was  purified  by  Weisberger's 
method  [3], 

Ethanol  was  distilled  over  solid  sodium  hydroxide;  a  -benzyldloxime  was  twice  recrystallized  from  dioxane. 

All  reagents  were  controlled  for  freedom  from  nickel  by  a  spectrophotometric  method. 

The  optical  density  of  solutions  was  measured  on  a  SF-4  spectrophotometer  fitted  with  a  hydrogen  lamp,  cy¬ 
lindrical  teflon  cells  with  quartz  windows  and  having  a  capacity  of  2.5  ml  and  a  path  length  of  100  mm  being  used. 
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The  vessles  used  were  washed  with  distilled  nitric  acid  and  twice  distilled  water,  since  on  using  sodium  carbo 
nate  and  a  chromic  mixture  for  washing  them,  contamination  was  introduced  which  distorted  the  experimental  re¬ 
sults.  Vessels  which  had  not  been  previously  used,  as  a  rule,  gave  low  and  nonreproducible  results. 


I 


Fig.  1.  The  relation  between  the  par¬ 
tition  coefficient  of  a  -benzyldioxime 
in  the  system  H2-CHCI3  and  the  pH 
of  the  aqueous  solution. 


TABLE  2.  Determination  of  Nickel  in  In¬ 
dium  (on  a  1  g  sample) 


Nickel 

duced 

Mg 

intro-  1 

1c 

Found, 

Error,  *7o 

0,010 

MO-o 

0,010 

0 

0,010 

1.10-® 

0,010 

0 

0,020 

2-10-« 

0,022 

+  10 

0,020 

2-10-« 

0,020 

0 

0,005 

5-10-7 

0,002 

-60 

0,005 

5-10-7 

0,003 

—40 

0,005 

5-10-7 

0,00-4 

—20 

0,005 

5-10-7 

0,005 

0 

0,005 

5-10-7 

0,0045 

—10 

0,005 

5-10-7 

0,006 

+20 

Mean  arithmetic  error  il6<yc. 
Mean  error  of  individual  de¬ 
terminations  ±  25f7o 


Fig.  2.  Absorption  spectra  of  metal  a- 
benzyldloximates. 

Conditions  for  determining  nickel  in  solutions  of  its 
pure  salts.  Ultra-small  amounts  of  nickel  a  -benzyldloxi- 
mate  (about  0.01  fig)  are  completely  extracted  at  pH  8.0- 
11.3;  larger  amounts  of  nickel  are  extracted  starting  at  a 
pH  of  6.0  [4].  Completeness  of  extraction  also  depends  on 
the  ethanol  concentration  of  the  aqueous  solution.  The 
optical  density  is  constant  at  ethanol  concentrations  not 
less  than  20*70 .  Variations  in  the  ratio  of  the  volumes  of 
the  aqueous  and  organic  phase  (from  2  to  8)  do  not  affect 
the  experimental  results.  There  was  very  little  difference 
between  the  results  obtained  when  one  and  two  extractions 
were  used;  accordingly,  we  always  carried  out  only  one 
extraction. 

The  optical  density  was  measured  relative  to  a  solu¬ 
tion  obtained  by  extracting  all  the  materials  participating 
in  the  reaction  (apart  from  nickel)  with  chloroform.  Ex¬ 
cess  of  reagent  which  is  also  extracted  by  chloroform  and 
absorbs  light  at  275  m;i ,  was  washed  out  with  a  sodium  hy- 
oxide  solution. 


Solutions  of  nickel  ot-benzyldioximate  in  chloroform  conform  to  Beer's  law  over  the  concentration  range  0.005 
to  5  /ig  in  5  ml.  The  calibration  line  passes  through  the  origin. 

Cobalt  and  copper  readily  form  extractable  a-benzyldioximates  which  absorb  light  at  275  m/i  (Fig.  2).  It  was 
established  that  on  washing  a  chloroform  solution  of  nickel,  copper,  and  cobalt  a-benzyldioxlmates  with  sodium  hy¬ 
droxide  solution,  the  copper  complex  is  completely  destroyed,  while  three  quarters  of  the  cobalt  complex  is  destroyed, 
In  the  case  of  commensurable  amounts  of  Co  and  Ni,  as  is  the  case  in  high  purity  metals,  the  amount  of  cobalt  which 
remains  does  not  affect  the  experimental  results. 

Determination  of  nickel  in  indium  metal.  Under  the  conditions  used  for  determining  nickel,  indium  forms  a 
hydroxide.  Accordingly,  citric  and  tartartic  acids  are  added  to  the  solution;  these  acids  do  not  affect  completeness 
of  nickel  extraction.  One  g  of  indium  metal  is  dissolved  in  10  ml  of  concentrated  nitric  acid  contained  in  a  quartz 
basin,  and  the  solution  evaporated  almost  to  dryness.  The  solid  residue  is  transferred  to  a  separating  funnel  by  means 
of  20  ml  of  a  20a  citric  acid  solution  and  5-10  ml  of  20<yo  potassium  sodium  tartrate.  •  Sodium  hydroxide  solution 
is  then  added  until  the  pH  is  8-11  according  to  indicator  paper.  Two  ml  of  a  0.02*70  ethanol  solution  of  a -benzyl¬ 
dioxime  is  then  added,  followed  by  ethanol  until  its  concentration  is  not  less  than  20*70.  The  contents  of  the  funnel 

•  The  use  of  tartrates  alone  or  citrates  alone  invariably  led  to  the  formation  of  an  amorphous  precipitate  at  the  pH 
used  for  extraction. 
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are  shaken  for  10-15  sec,  and  then  extracted  for  2  min  with  5  ml  of  chloroform  using  a  mechanical  shaker.  The 
aqueous  layer  is  removed  with  a  pipet.  The  chloroform  solution  Is  washed  with  two  5  ml  portions  of  1  N  sodium  hy¬ 
droxide,  each  washing  being  carried  out  for  2  min.  The  optical  density  of  the  chloroform  extract  Is  finally  meas¬ 
ured  at  275  m/i. 

The  indium  sample  at  our  disposal  contained  2.8 ‘lo’®  <70  nickel;  this  excluded  the  possibility  of  determining 
about  10“^<7>  nickel  in  It  by  the  method  of  additions.  Accordingly,  the  indium  solution  was  purified  from  nickel  by 
means  of  a  -benzyldioxlme,  and  then  various  amounts  of  nickel  were  added  to  the  indium  solution. 

Results  of  the  determination  of  nickel  in  indium  are  given  in  Table  2. 

SUMMARY 

Nickel  can  be  determined  with  a -benzyldioxlme  by  measuring  the  optical  density  of  the  compound  formed  in 
the  maximum  absorption  region  of  the  compound  (275  mji),  after  removal  of  excess  reagent  by  washing  the  extract 
with  alkali. 

Conditions  have  been  established  for  the  spectrophotometric  determination  of  ultra-small  amounts  (down  to 
0.005  fig)  of  nickel  by  means  of  a  -benzyldioxlme  in  solutions  of  its  pure  salts  and  in  the  presence  of  cobalt  and 
copper. 

A  method  has  been  developed  for  the  determination  of  traces  of  nickel  in  indium  metal  down  to  a  level  of 
5.10"^<7c;  the  reproducibility  of  the  method  is  ±25*70. 

LITERATURE  CITED 

1.  V.  M.  Peshkova,  B.  M.  Bochkova,  and  L.  I.  Lazareva,  Zh.  analit.  khimii  15,  610  (1960). 

2.  C,  Banks  and  D.  Barnum,  J,  Amer.  Chem.  Soc,  4767  (1958). 

3.  A.  Weisberger,  E.  Proskauer,  and  D.  Riddick,  Tups  E.,  Organic  Solvents  [Russian  translation]  (IL,  1958)  p.  390. 

4.  Y.  Usumasa  and  S.  Waschizuko,  Bull.  Chem,  Soc.  Japan  29,  403  (1956). 


All  abbreviations  of  periodicals  in  the  above  bibliography  are  letter>by>letter  transliter¬ 
ations  of  the  abbreviations  as  given  in  the  original  Russian  journal.  Some  or  all  of  this  peri¬ 
odical  literature  may  well  be  available  in  English  translation.  A  complete  list  of  the  cover- to- 
cover  English  translations  appears  at  the  back  of  this  issue. 


590 


A  KINETIC  METHOD  FOR  THE  DETERMINATION  OF  MICROAMOUNTS 
OF  COBALT  IN  SOLUTION 


N.  V.  Parkhomenko,  G.  A,  Prlk,  K.  B.  Yatslmlrskll 
Ivanovo  Chemico-Technologlcal  Institute 

Translated  from  Zhurnal  Anallticheskoi  Khimii,  Vol.  16,  No.  5,  pp,  599-605, 
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Small  amounts  of  cobalt  are  most  often  determined  photometrically  using  nltroso-R-salt;  this  method  permits 
determination  of  cobalt  at  concentrations  of  1-15  fig /ml  [1],  For  detection  of  cobalt  at  lower  concentrations  several 
kinetic  methods  have  been  suggested  which  are  based  on  the  catalytic  effect  of  cobalt  on  the  oxidation  of  various 
reducing  agents  by  peroxides,  and,  in  particular,  of  alizarin  in  alkaline  media  [2-5],  These  methods  are  charac¬ 
terized  by  high  sensitivity,  and,  as  Bognar  [4]  has  shown,  permit  detection  of  0.000001  mg  cobalt  in  5  ml  of  solu¬ 
tion.  No  method  has,  however,  hitherto  been  developed  for  the  quantitative  determination  of  cobalt  by  kinetic  meth¬ 
ods.  The  work  described  here  is  an  attempt  to  fill  this  gap. 

EXPERIMENTAL 

When  alizarin  is  oxidized  by  hydrogen  peroxide  the  colored  material  disappears,  and,  accordingly,  the  optical 
density  of  the  solution  changes  as  the  reaction  proceeds.  At  room  temperature  and  in  the  absence  of  a  catalyst,  this 
reaction  proceeds  very  slowly. 

The  reaction  rate  was  studied  on  a  FEK-N-54  photoelectric  microcolorimeternephelometer  using  a  cell  with 
a  path  length  of  3  cm  and  a  No.  3  filter  (effective  wavelength  453  m/i),  since  solutions  of  alizarin  in  a  borate  buffer 
exhibit  maximum  absorption  at  440-460  m#i.  The  solutions  in  the  cell  were  thermostated  at  25  t  0.1  by  continuous 
circulation  of  water  from  a  thermostat  through  a  special  housing  surrounding  the  cell. 

Solutions  of  hydrogen  peroxide  and  cobalt  chloride,  and  the  buffer  solutions  were  prepared  from  the  chemically 
pure  preparations.  Hydrogen  peroxide  concentration  was  determined  iodome  trie  ally.  Since  there  are  no  methods  for 
the  determination  of  low  concentrations  of  cobalt,  working  solutions  of  cobalt  were  prepared  by  accurate  dilution  of 
the  original  stock  solution  of  0.1  M  C0CI2#  the  cobalt  content  of  which  was  determined  electrolytically. 

The  alizarin  solution  C14H8O4  (1,2-dihydroxyanthraquinone)  was  prepared  by  dissolving  0.250  g  of  the  recrys¬ 
tallized  material  [6]  in  10  ml  of  0.08  N  NaOH,  and  subsequently  diluting  the  volume  to  the  mark  with  water  in  a 
250  ml  standard  flask.  The  concentration  of  one  of  the  alizarin  solutions  prepared  was  determined  titrimetrically 
[6].  The  concentration  of  the  remaining  solutions  was  controlled  by  means  of  their  optical  density. 

Borate  and  veronal  buffer  solutions  were  prepared  according  to  [7].  Twice  distilled  water  was  used  for  pre¬ 
paring  all  the  working  solutions. 

Reaction  mixtures  were  prepared  in  a  50  ml  standard  flask;  alizarin  solution,  buffer  solution,  water  for  pre¬ 
liminary  dilution,  and  hydrogen  peroxide  were  introduced  successively  into  the  flask.  The  reaction  mixtures  were 
thermostatted  at  25  i  0.05*  for  10-15  min.  Catalyst  solution  was  then  added,  followed  by  water  to  bring  the  volume 
up  to  the  mark,  A  stopwatch  was  started  off  when  the  catalyst  was  added.  The  solution  was  carefully  mixed  and 
transferred  to  the  thermostatted  cell.  Starting  from  the  second  minute  after  addition  of  the  catalyst,  the  optical 
density  of  the  solution  was  measured  every  minute  for  10  min. 

The  final  concentrations  of  the  solutions  were  as  follows:  alizarin,  3.3  *10”®  M  (D  =  0.440  at  453  mfi  in  a  3  cm 
cell);  hydrogen  peroxide,  3.5»10‘^  M;  cobalt  chloride,  1.0*10"®  to  11.2*10“®  M;  the  pH  of  the  solution  was  adjusted 
by  means  of  borate  or  veronal  buffers. 

After  treatment  of  the  kinetic  results  obtained,  the  cobalt  concentration  of  the  solution  was  determined  by  the 
method  described  below.  In  order  to  check  on  the  accuracy  of  the  results  obtained,  experiments  were  carried  out 
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with  a  cobalt  chloride  solution  labelled  with  Co®®.  The  concentration  of  the  original  cobalt  chloride  solution  label¬ 
led  with  Co*®  (8.0*10”®  M)  was  determined  photometrically  with  nltroso-R-salt  and  the  solution  diluted  accurately 
100  times.  Subsequently,  In  order  to  determine  the  cobalt  content,  the  rate  of  the  catalytic  oxidation  of  alizarin  at 
CoClj  concentrations  ranging  from  1.6*10”*  to  11.2*10”*  M  was  established,  and  the  radioactivity  of  these  same 
solutions  measured  on  a  20  ml  aliquot  using  a  B-2  setup.  The  effect  of  foreign  ions  on  the  accuracy  of  cobalt  de¬ 
termination  was  established.  The  effect  of  complex  cobalt  compounds  on  the  rate  of  alizarin  oxidation  was  also 
examined;  these  compounds  Included  cobalt  ethylenedlammlne,  hexammlne,  and  pentammlnechloride.  The  experi¬ 
mental  procedure  was  the  same  as  that  described  above.  Only  the  order  In  which  the  reagents  were  added  was  al¬ 
tered;  hydrogen  peroxide  was  added  to  the  solution  last.  The  stopwatch  was  started  on  adding  the  oxidizing  agent. 

DISCUSSION  OF  RESULTS 

The  rate  of  the  catalytic  oxidation  of  alizarin  by  hydrogen  peroxide  conforms  to  the  equation* 

=  X  (a  —  x)  be,  (1) 

where  k  is  the  catalytic  coefficient  (the  velocity  constant  of  the  catalytic  reaction);  (a  —  x),  x,  b,  c  are  the  current 
(at  a  given  time)  concentrations  of  alizarin,  its  oxidized  form,  cobalt  chloride,  and  hydrogen  peroxide  respectively. 

The  current  concentrations  of  HjOj  and  C0CI2  are  almost  equal  to  the  initial  concentrations,  since  a  large 
excess  of  hydrogen  peroxide  is  taken  with  respect  to  alizarin,  while  the  concentration  of  the  cobalt  ion,  as  a  cata¬ 
lyst,  remains  constant. 

The  initial  and  current  concentration  of  alizarin  are  related  to  the  optical  density  of  the  solutions  in  accord¬ 
ance  with  Beer’s  law; 


Do  =  e/a, 

D  =  e/  (a  —  x). 


(2) 

(2a) 


where  Dq  is  the  optical  density  of  the  solution  at  the  start;  D  is  the  optical  density  of  the  solution  at  a  given  moment; 
c  is  the  molar  extinction  coefficient;  I  is  the  path  length. 

The  change  in  optical  density  of  an  alizarin  solution  following 
upon  its  oxidation  by  hydrogen  peroxide  is  shown  in  Fig.  1.  Each  curve 
characterizes  the  rate  of  reaction  at  a  given  cobalt  ion  concentration 
in  solution.  In  order  to  get  a  linear  relationship,  it  was  found  con¬ 
venient  during  determination  of  cobalt  by  the  kinetic  method  to  in¬ 
tegrate  equation  (1).  After  substituting  the  constants  we  get 


lg^  =  Xi6c/. 


(3) 


Fig.  1.  Change  of  optical  density  with 
time  during  oxidation  of  alizarin  at 
various  C0CI2  concentrations  in  the  re¬ 
action  mixture  (M).  1)  0;  2)  1.3*10”*; 
3)  2.5*10”*;  4)  5.0*10"*;  5)  10.5*10”*, 


Instead  of  the  ratio  of  the  initial  alizarin  concentration  to  its  current 
concentration,  the  ratio  of  the  optical  densities  corresponding  to  this 
ratio  was  substituted  [equations  (2)  and  (2a)].  from  this  it  was  found 
that; 


IgD  =  —  +  IgDo. 


(4) 


The  experimental  results  confirm  the  validity  of  this  equation;  the 
change  in  optical  density  with  time  when  plotted  in  semilogarithmlc 
coordinates  is  actually  linear  (Fig.  2).  The  slopes  of  these  lines  to  the  abscissa  are  proportional  to  the  concentration 
of  cobalt  ions  (b)  at  a  constant  H2O2  concentration  (c); 


tg  a  =  kJjc.  (5) 

In  accordance  with  these  equations,  for  determination  of  unknown  concentrations  of  cobalt  in  solution,  curves  were 
constructed  within  the  coordinates;  cobalt  concentration  -  tangent  a  (Fig.  3),  When  this  is  done  all  the  experimental 
•  The  rate  of  the  noncatalytic  reaction  is  relatively  low  and  can  be  disregarded. 
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points  lie  on  a  straight  line.  There  is  also  a  linear  relation  between  tangent  a  and  hydrogen  peroxide  concentration 
for  a  constant  cobalt  concentration  [equation  (5)].  This  relation  breaks  down,  however,  at  high  H2O2  concentrations 
(higher  than  0.02  M),  as  is  evident  from  Fig.  4.  Such  a  relation  between  tangent  a  and  hydrogen  peroxide  concen¬ 
tration  can  be  explained  by  the  formation  of  a  peroxide  complex  of  cobalt  according  to  the  following  scheme; 


CoOHHHjOs 


.^KoaHj  • 


the  stability  constant  6  of  which  is  defined  as 


(Co  (OHKOsHil+l 
(CoOH+KHjOJjl 


The  concentrations  of  the  complex  compound,  hydrogen  peroxide,  and  total  cobalt  concentration  are  denoted  respect¬ 
ively  by  C,  c,  and  b.  It  follows  from  equation  (6)  that; 


Since  the  hydrogen  peroxide  concentration  C  is  low,  the  value  of  ac  is  also  low,  and  it  can  be  disregarded,  since  the 
concentration  of  the  complex  compound  of  cobalt  is  proportional  to  the  hydrogen  peroxide  concentration  and  the 
total  cobalt  concentration,  then  the  reaction  rate  depends  on  H2O2  concentration.  Under  these  conditions  the  reac¬ 
tion  rate  would  be  described  by  equation  (3).  On  increasing  the  hydrogen  peroxide  concentration  above  0.02  M,  the 
value  of  ac  increases  and  becomes  appreciably  greater  than  unity,  and  the  denominator  of  the  fraction  in  equation 
(7)  can  be  replaced  by  6c  (8c  approximately  equal  to  6c  +  1).  Equation  (7)  is  simplified.  This  corresponds  to  the 
fact  that  almost  all  the  cobalt  has  been  converted  into  a  complex  compound; 

Ch^b.  (8) 

Under  these  conditions  there  appears  on  the  curve  (Fig.  4)  a  horizontal  section  for  which  the  kinetic  equation; 


^  a  —  X 


-■r=  y.M. 


is  valid.  The  slope  of  the  straight  lines  log  Dj/D  —  t,  in  this  case  is  equal  to  Kjb,  the  accuracy  does  not  depend  on 
the  H2O2  concentration.  The  values  of  the  catalytic  coefficients  calculated  from  the  experimental  results  are  equal, 
respectively  to 


(3,1 10,7)- 10« 


moles  •  min 


n  x.,  - (6, 4  £-0,1) -10^ 


moles  •  min 


at  pH  =  9.24. 


The  relation  between  tangent  a  (for  a  constant  H2O2  concentration  higher  than  0.02  M)  and  the  pH  of  the 
solution  is  expressed  by  a  curve  which  passes  through  a  maximum  (Fig.  5).  This  feature  of  the  relation  can  be  ex¬ 
plained  by  the  fact  that  alizarin  and  its  compound  with  tetraborate,  which  dissociate  like  acids  in  three  stages,  ob¬ 
viously  exhibit  the  highest  catalytic  activity  in  the  second  dissociation  stage  which  occurs  in  the  pH  range  9.2-9,4. 

The  fact  that  alizarin  interacts  with  tetraborate  is  confirmed  by  the  absorption  spectra  of  solutions  of  alizarin 
and  of  alizarin  and  tetraborate.  In  the  case  of  alizarin  solutions  the  absorption  maximum  lies  at  520  m/i,  while  in 
the  presence  of  Na2B407  it  shifts  to  440-460  mp. 

A  comparison  of  the  radioactivity  of  solutions  labelled  with  Co®®  with  their  catalytic  activity  is  made  in  Fig.  6. 
The  linear  relation  between  tangent  a  and  the  radioactivity,  which  is  proportional  to  the  cobalt  concentration,  shows 
that  the  two  completely  independent  methods  of  determining  cobalt  give  the  same  results. 

Results  for  the  determination  of  cobalt  in  pure  solutions  by  the  kinetic  method  are  given  in  Table  1. 


The  effect  of  various  impurities  on  the  accuracy  of  cobalt  determination  was  established.  Examination  of 
Table  2  shows  that  the  presence  of  K'*’.  VO3,  1“,  F".  SO*”,  HO2  t  CH3COO",  SCN"  ions  at  concentrations  which 

are  10®  times  that  of  the  cobalt,  does  not  essentially  affect  the  oxidation  rate.  In  the  presence  of  the  heavy  metal 
ions  Ba*"^,  Ca*'*’,  Ct?'*',  Mi^^,  Al®'*’,  Fe*^  and  already  at  concentrations  which  are  100-1000 

times  the  cobalt  concentration,  the  rate  of  the  catalytic  reaction  decreases  approximately  twice.  Tartrates,  citrates, 
and  oxalates  which  complex  cobalt  show  the  same  effect.  Cobalt  can,  however,  be  determined  in  these  cases  by 
applying  the  requisite  corrections.  In  the  presence  of  Ni^'*’,  and  sodium  ethylenedlaminetetracetate, 
the  oxidation  reaction  hardly  proceeds  at  all  and  determination  of  cobalt  is  impossible. 


Igi? 


Fig.  2,  Change  of  optical  density 
with  time,  in  semilogarithmic  co¬ 
ordinates,  during  oxidation  of  ali¬ 
zarin  at  various  CoClj  concentra¬ 
tions  in  the  reaction  mixture  (M); 
1)  0;  2)  1.3  •  10'®;  3)  2.5*  10"®;  4) 
5.0*  10"®;  5)  10.5*  10"®. 


tangent  a  .  lo^ 


Fig.  4.  The  relation  between 
the  value  of  tangent  a  and  hy¬ 
drogen  peroxide  concentration 
[H2O2]  =  4.75*  10"®  M;  pH  = 

=  9.24;  t  =  25*. 


tangent  a  •  id® 


Fig.  3.  The  relation  between  the 
value  of  tangent  cx  and  cobalt  con¬ 
centration  [H2O2]  =  5.2*10“®  M; 
pH  =  9.24;  t  =  25*. 


tangent  a  •  10? 


Fig.  b.  The  relation  between  the 
value  of  tangent  a  and  pH  of  the 
solution.  H2O2]  =  0.8  •  10"®  M; 
[C0CI2]  =  3.1 . 10"®  M;  t  =  25*. 


The  following  oxidation  mechanism  can  be  postulated  to  explain  the  catalytic  action  of  divalent  cobalt.  The 
complex  compound  formed  according  to  equation  (I)  can  breakdown  with  formaticxi  of  the  hydroxyl  radical  OH  and 
trlvalent  cobalt  according  to  the  scheme: 

CCo  (OH)f  +  .  OH.  (H) 


Co^ 

Nr 


OH 


The  catalyst  is  regenerated  as  a  result  of  the  reduction  of  Co 


III 


by  the  hydrogen  peroxide  aniona: 


Co(OH)2  +  OjH"  ^CoOH^  +  OjH  +  OH". 


(Ill) 


594 


The  perhydroxy  radical  'OgH,  just  like  the  ‘OH  radical  can  oxidize  alizarin.  The  products  formed  by  the  oxidation 
of  alizarin  with  hydrogen  peroxide  in  an  alkaline  medium  could  be;  0  [2-carboxy-l,4-diketonaphthyl-3]  acrylic  acid 
(C14H9OJ)  and  0  [2-carboxy-l,4-dlketonaphthyl-3]  dlhydroxyacrylic  acid  (C14HUO8). 


TABLE  1.  Determination  of  Cobalt  in  Solution  by 
the  Kinetic  Method 


Fig.  6,  Comparison  of  the  radioactivity 
of  C0CI2  solutions  labelled  with  Co®°, 
with  their  catalytic  activity.  [H2O2]  = 
=  3.8  •  10"*  M;  pH  =  9.24;  t  =  25*. 


Cobalt 

taken, 

M  X 

X  10® 

No.  of 
expts. 

Cobalt  found  by 
means  of  the  cali¬ 
bration  curve, 

M  X  10® 

Mean 

devia¬ 

tion 

X  10® 

2.9 

3 

3.2 

tO.2 

3.9 

3 

4.2 

iO.4 

4.8 

3 

4.7 

±0.4 

5.8 

3 

6.2 

±0.4 

7.2 

3 

7.5 

±0.4 

Stable  complex  compounds  of  Co^^^  do  not  possess 
any  appreciable  catalytic  activity.  Thus  cobalt  ethylene- 
diammine  Co(en)3  (Instability  constant  2.04*  10"^®  [8])  does  not  affect  the  rate  of  alizarin  oxidation,  while  the  cata¬ 
lytic  activity  of  the  cobaltammines  Co(NH3)|^  (instability  constant  3.1  *10"’®  [8])  and  Co(NH3]|^  (instability  constant 
1,85  *10”®  [7])  is  ten  thousand  times  weaker  than  the  activity  of  the  free  cobalt  cation.  Addition  of  ammonia  to  a 
solution  containing  a  cobaltammine  sharply  depresses  the  catalytic  activity. 


TABLE  2.  Effect  of  Foreign  Ions  on  the  Results  of  Cobalt  Determination  in  Solution  by 
the  Kinetic  Method 


Foreign 

ion 


nhJ 

Ca2+ 

Cu**- 

Cd2+ 

Ni2+ 

Zn2+ 

Pba+ 

Mn*+ 

Sn*+ 

Al''+ 

Fe»+ 

Gr»^- 


Ratio  of  foreign  B 
ionconcentra--[ 
tlon  to  cobalt 
concentration 


lope  of  the 
line  to  the 
abscissa 
10^2 


Foreign 

ion 


1,0 -lOs 
1,0-106 
7,0-103 
4,0-10'' 
4,0-103 
2,0-10^ 
8,0-103 
2,0-103 
2,0-103 


7,2 

7,2 

7.2 
3,8 

3.3 
4,0 
4,6 
4,0 
0 

0 


1.5- 102 

1.6- 102 
1,0-103 
5,3-103 
1,0-103 


0,2 

5,6 

6,0 

7,0 

4,1 


1,0-103  3,1 

2,0-102  3,6 


MoO'~ 

WO;- 

VO3- 

r 

F- 

SO;- 

SCN- 

CH.,COO- 

NO7 

poj- 

Tartrate 
Citrate 
Oxalate 
Sodium  ethyl- 
enedlamine- 
tetracetate 


Ratio  of  foreign 
ion  concentra¬ 
tion  to  cobalt 
concentration 

Slope  of  the 
line  to  the 
abscissa  •  10“* 

6,0-104 

1,1 

1,0-104 

2,0 

3,0-103 

7,2 

2,0-103 

7,2 

2,0-103 

7,2 

2,0-103 

7,2 

2,0-103 

7,2 

2,0-103 

7,2 

2,3-103 

2,0-103 

7.2 

6.3 

4,0-104 

4,0 

1,8-104 

3,8 

1 ,9-103 

2,1 

1-103 

0 

SUMMA  RY 

A  study  has  been  made  of  the  catalytic  oxidation  of  alizarin  by  hydrogen  peroxide  in  an  alkaline  medium  in 
the  presence  of  cobalt  salts.  It  has  been  established  that  the  rate  of  this  reaction  is  proportional  to  the  cobalt  and 
alizarin  concentrations.  A  kinetic  equation  has  been  derived  and  a  mechanism  is  postulated  for  the  reaction  studied. 

Using  the  reaction  studied  a  method  has  been  developed  for  the  quantitative  determination  of  cobalt  at  con¬ 
centrations  of  the  order  of  lO"®  M. 


595 


LITERATURE  CITED 


1.  H.  W,  Berkhout  and  G.  H.  Jongen,  Chem.  weekbl.  506  (1953). 

2.  T,  Braun,  Revlsta  de  chitnie  2,  118  (1956);  7,  319  (1954). 

3.  G.  V.  Loshkareva,  RZhKhlm  6,  No.  19477  (1957). 

4.  J.  Bognar,  Magyar  Kemlal  Folylrat  24  (1953). 

5.  J.  Bognar,  Magyar  Kemlal  Folylrat  357  (1951). 

6.  V,  N.  Klsel’nlkov,  Thesis,  Ivanovo  Chemlco-Technologlcal  Institute  1937,  p.366. 

7.  Chemist’s  Notebook,  III  [In  Russian]  (Goskhlmlzdat,  Moscow,  1952)  p.  525. 

8.  K.  B,  Yatslmlrskll  and  V.  P.  Vasll'ev,  Instability  Constants  of  Complex  Compounds  [In  Russian]  (Izd.  AN  SSSR, 
Moscow -Leningrad,  1959). 


All  abbreviations  of  periodicals  in  the  above  bibliography  are  letter-by-letter  transliter¬ 
ations  of  the  abbreviations  as  given  in  the  original  Ruselan  journal.  Some  or  all  of  this  peri¬ 
odical  literature  may  well  be  available  in  English  translation.  A  complete  list  of  the  cover- to- 
cover  English  translations  appears  at  the  back  of  this  issue. 


596 
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Original  article  submitted  January  5, 1961 

Chloroplatinates  interact  with  CU2CI2  according  to  the  equation:  PtCl*”  +  2Cu^  =^PtCl4"  +  2Ci:?^  +  2C1”, 
Muller  [1]  was  the  first  to  make  use  of  this  reaction  for  the  determination  of  platinum  by  potentiometric  titration. 
Recently,  research  has  been  directed  [2,3]  towards  establishing  the  requisite  experimental  conditions  more  accur¬ 
ately,  and  at  simplifying  the  technique  of  determining  quadrivalent  platinum  quantitatively  by  titration  with  CU2CI2 
solution. 

The  authors  of  these  papers  have  observed  that  the  nature  of  the  titration  changes  and  the  accuracy  with  which 
platinum  is  determined  decreases  as  the  hydrochloric  acid  content  of  the  solution  increases.  It  was  established  that 
titration  can  be  carried  out  both  at  room  temperature,  and  on  heating  the  solution  to  50-70®,  and  that  chlororhodiates 
do  not  interfere  with  platinum  determination.  Nevertheless,  when  chlororhodiates  are  present  in  solution,  quadriva¬ 
lent  iridium  is  reduced  and  is  titrated  together  with  quadrivalent  platinum  with  a  common  potential  jump.  Under 
certain  conditions  of  temperature,  acidity  of  solution,  and  ratio  of  chloroirldate  and  chloroplatinate  concentrations 
in  solution,  two  potential  jumps  are  observed  during  titration:  one  corresponds  to  completion  of  reduction  of  Ir^  to 
IrlW  ,  while  the  other  corresponds  to  completion  of  reduction  of  Pt^'^  to  Pt^^. 

Grinberg  and  Maksimyuk  [3]  have  also  shown  that  it  is  possible  to  determine  quadrivalent  platinum  by  titrating 
with  a  solution  of  CU2CI2  in  the  presence  of  the  complex  chlorides  of  divalent  palladium.  Published  results  relate  to 
the  determination  of  platinum  in  hydrochloric  acid  solutions  of  chloroplatinates,  containing  palladium  in  amounts 
approximately  equal  to  or  somewhat  less  than  the  platinum  content. 

When  we  tried  to  use  potentiometric  titration  for  the  quantitative  determination  of  platinum  in  solutions  con¬ 
taining  preponderant  amounts  of  palladium,  we  came  up  against  some  difficulties  which  made  it  necessary  to  carry 
out  an  additional  study  of  the  effect  of  palladium  on  the  character  of  the  titration,  and  on  the  accuracy  of  platinum 
determination. 

Reagents  and  apparatus.  Our  work  was  carried  out  on  a  synthetic  mixtures  prepared  from  solutions  of  chloro- 
platinic  acid  and  sodium  chloropalladiate  of  known  concentration  (about  1  mg/ml),  containing  hydrochloric  acid 
(l-2<yo)  and  sodium  chloride  (up  to  2<7o). 

Cuprous  chloride  was  prepared  by  the  method  recommended  by  Gregor  [4]  or  the  commercial  material  (ana¬ 
lytical  grade)  was  used.  When  the  reagent  was  partially  oxidized  it  was  washed  with  a  small  amount  of  hydrochloric 
acid  and  water  for  removing  CUCI2. 

CU2CI2  solution  (0.01-0.03  N)  in  hydrochloric  acid  was  prepared  according  to  the  method  given  in  Grlnberg’s 
paper,  and  it  was  stored  in  a  dark  colored  flask  in  a  carbon  dioxide  atmosphere  [2,  3].  The  CU2CI2  solution  was 
standardized  against  a  standard  solution  of  chloroplatinic  acid.  Potentiometric  titration  was  carried  out  on  a  com- 
pemation  setup  with  a  type  PPTV  potentiometer  and  a  galvanometer  which  permits  the  emf  to  be  determined  with 
an  accuracy  of  1  mv,  A  platinum  wire  or  a  gold  disc  was  used  as  the  indicator  electrode,  while  a  saturated  calomel 
electrode  was  used  as  the  reference  electrode. 
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EXPERIMENTAL 


The  original  solution  containing  platinum,  or  platinum  and  palladium,  in  the  form  of  their  complex  chlorides, 
was  evaporated  carefully  on  a  water  bath  to  the  moist  salt  state  (sodium  chloride  should  be  present  to  prevent  hydro¬ 
lysis  of  palladium  salts).  The  dry  residue  was  dissolved  in  hydrochloric  or  sulfuric  acid  of  a  known  concentration 
and  the  solution  transferred  to  titration  vessel.  The  volume  of  solution  being  titrated  was  50  ml.  COj  was  passed 
through  the  liquid  for  5-10  min  before  starting  a  titration  in  order  to  remove  the  air.  Titration  was  carried  out  at 
room  temperature  while  the  solution  was  continuously  stirred  and  the  system  was  carefully  isolated  from  atmospheric 
oxygen  by  means  of  CO  2, 


Fig.  1.  Effect  of  hydrochloric  acid  concen¬ 
tration  on  titration  of  chloroplatinate  with 
CU2CI2.  5.16  mg  Pt  taken.  Theoretical 
amount  of  CU2CI2  that  should  be  used  3.61 
ml.  Amount  of  CU2CI2  used  for  titration, 
ml:  1)  3.60;  2)  3.70;  3)  not  titrated,  Pt 
found  by  titration,  mg:  1)  6,15;  2)  5.29;  3) 
not  determined. 


Fig.  2.  Effect  of  sulfuric  acid  concentra¬ 
tion  on  titration  of  chloroplatinate  with 
CU2CI2  solution.  5.16  mg  Pt  taken.  Theo¬ 
retical  amount  of  CU2CI2  that  should  be 
used,  3.61  ml.  Amount  of  CU2CI2  used 
for  titration,  ml:  1)  3.60;  2)  3.60;  3)3.70. 
Pt  found  by  titration,  mg:  1)  5,15;  2)5.15; 
3)  5.20. 


The  experiments  which  we  carried  out  confirmed  that  in  solutions  containing  a  smaller  amount  of  palladium 
than  platinum,  the  complex  chlorides  of  quadrivalent  platinum  are  titrated  with  a  clearly  defined  potential  jump 
at  the  equivalence  point,  while  platinum  is  determined  with  the  same  accuracy  as  in  pure  solutions. 

As  the  concentration  of  palladium  Increased  with  respect  to  that  of  platinum,  the  character  of  the  titration 
curve  for  quadrivalent  platinum  changes  in  that  the  value  of  the  potential  jump  at  the  equivalence  point  decreases, 
while  in  some  instances  no  jump  is  observed  at  all. 

In  such  cases,  after  reduction  of  quadrivalent  platinum  to  its  divalent  state,  deposition  of  metallic  palladium 
(particularly  in  solutions  <  0,1  N  HCl)  is  sometimes  observed;  this  may  be  a  qualitative  indication  of  the  complete¬ 
ness  of  reduction  of  quadrivalent  platinum.  It  was  observed  that  when  the  palladium  concentration  exceeds  the  plati¬ 
num  concentration  by  an  insignificant  amount,  a  certain  increase  in  the  acidity  of  the  solution  being  titrated  enables 
reduction  of  palladiiun  to  its  metallic  form  to  be  held  back,  and  a  potential  jump  to  be  observed  during  titration  of 
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platinum.  Nevertheless,  satisfactory  results  are  only  obtained  for  determination  of  platinum  In  solutions  whose  acidity 
does  not  exceed  1.0  N  HCl  (Fig.  1). 


mv 


Fig.  3.  Change  in  the  value  of  the  potent¬ 
ial  jump  at  the  equivalence  point  as  a 
function  of  the  relative  contents  of  Pt 
and  Pd  in  solution,  and  of  the  material 
of  the  indicator  electrode.  1)  3.10  mg 
Pt  and  3.05  mg  Pd  taken.  1.99  equlv. 
CU2CI2  used.  3.08  mg  Pt  determined; 

2)  3.10  mg  Pt  and  6.10  mg  Pd  taken. 
2.04  equiv.  CU2CI2  used.  3.16  mg  Pt 
found;  3)  3.10  mg  Pt  and  3.05  mg  Pd 
taken.  2.05  equiv.  CU2CI2  used.  3.18 
mg  Pt  found;  4)  3.10  mg  Pt  and  6.10  mg 
Pd  taken.  2.05  equiv.  CU2CI2  used.  3.18 
mg  Pt  found. 


mv 


Fig.  4.  The  change  in  the  character  of 
the  titration  of  chloroplatinate  with 
CU2CI2  solution  in  the  presence  of  pal¬ 
ladium  after  addition  of  KI.  1)  5.16  mg 
Pt  and  30.5  mg  Pd  taken.  1.0  N  H2SO4 
No  KI  present.  5.36  mg  Pt  found;  2) 

5.16  mg  Pt  and  30.5  mg  Pd  taken.  1.0 
N  H2SO4.  5.9  ml  of  0.1  N  KI  added. 

5.22  mg  found. 

However,  when  the  solution  being  titrated  was  acid¬ 
ified,  not  with  hydrochloric  acid,  but  with  sulfuric  acid, 
the  character  of  the  titration  curve  and  the  value  of  the 
potential  jump  hardly  changed  at  all  on  changing  the  sul¬ 
furic  acid  concentration  over  a  fairly  wide  range  (Fig.  2). 
Neither  did  the  presence  of  sodium  chloride  (up  to  2<^c) 
affect  the  character  and  the  results  of  the  titration  of 
chloroplatinates  with  CU2CI2  solution. 


Table  1  contains  results  for  the  determination  of  platinum  in  pure  solutions  of  chloroplatinates,  and  in  solu¬ 
tions  containing  chloropalladiates  as  well,  when  the  solutions  were  acidified  with  sulfuric  acid. 


Thus  experiments  have  shown  that  in  sulfuric  acid  solutions,  quadrivalent  platinum  is  titrated  with  a  clearly 
defined  potential  jump  at  the  equivalence  point,  and  is  determined  with  satisfactory  accuracy. 

Nevertheless,  even  in  this  case  there  is  observed  a  change  in  the  value  of  the  potential  jump  at  the  equival¬ 
ence  point  as  a  function  of  the  pltainum  and  palladium  contents  in  the  solution  (Fig.  3,  curves  1  and  2). 

It  was  observed  that  the  value  of  the  potential  jump  at  the  equivalence  point  depends  to  some  extent  cn  the 
material  of  the  indicator  electrode.  Thus  in  the  case  of  a  gold  electrode  the  potential  jump  is  slightly  higher  (Fig.  3, 
curves  3  and  4)  than  when  a  platinum  wire  is  used  as  the  indicator  electrode  (Fig.  3,  curves  1  and  2).  But  in  this 
case,  as  in  the  other,  the  potential  jump  decreases  as  the  palladium  content  increases  with  respect  to  platinum  con¬ 
tent  in  the  solution  being  titrated,  while  the  results  for  platinum  determination  show  a  tendency  to  Increase.  At  a 
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sufficiently  high  relative  concentration  of  palladium  In  solution  (e.g,,  Pt:  Pd  about  1;  6)  the  potential  jump  on  the 
titration  curve  Is  almost  unobservable  (Fig.  4,  curve  1). 

In  the  case  of  solutions  which  contained  considerably  more  palladium  than  platinum  we  succeeded  In  obtain¬ 
ing  satisfactory  results  for  pltalnum  by  adding  potassium  Iodide  to  the  solution  before  titration.  Despite  the  fact 
that  chloroplatlnate  also  reacts  with  potassium  Iodide  [5,  6],  as  long  as  the  solution  contains  palladium,  precipita¬ 
tion  of  the  latter  as  sparingly  soluble  Pdlj  occurs  first.  The  palladium  content  of  the  solution  Is  determined  before¬ 
hand  on  a  separate  aliquot  by  titrating  with  KI  according  to  a  method  suggested  by  Pshenltsyn  and  Glnsburg  [7].  KI 
in  the  form  of  a  0.1  N  solution  Is  then  added  directly  to  the  solution  In  the  titration  vessel  In  an  amount  which  en¬ 
sures  precipitation  of  most  of  the  palladium  and  leaves  about  1  mg  or  less  unpreclpltated.  This  technique  leads  to 
a  change  In  the  ratio  of  the  concentration  of  platinum  to  palladium  such  that  there  Is  more  platinum  than  palladium, 
so  that  the  platinum  can  be  determined.  It  must  be  pointed  out  that  excess  potassium  Iodide  should  not  be  added, 
since  in  such  cases  the  platinum  will  react  with  iodide  Ions  and  subsequent  titration  wlthCu2Cl2  solution  will  not 
give  satisfactory  results. 


TABLE  1.  Determination  of  Platinum  In  the  Presence  of  Palladium  (0.02-0.0570  NaCl. 
H2SO4  concentration  from  0.2  N  to  1  N.  Platinum  indicator  electrode) 


Taken 

Pt  found, 
mg 

Error, 

mg 

1  Taken 

Pt  found, 
mg 

Error, 

mg 

Pt.  mg 

Pd,  mg 

1  Pt.mg 

Pd,  mg 

8,4 

8,4 

0 

5,4 

3,0 

5,3 

-0,1 

8,4 

— 

8,3 

—0,1 

(5,5 

3,0 

6,6 

+0,1 

10,3 

— 

10,3 

0 

6,5 

6,10 

6,5 

0 

.''>,4 

0,9 

5,5 

+0,1 

10,3 

10,4 

10,3 

0 

TABLE  2,  Determination  of  Platinum  In 
the  Presence  of  Preponderant  Amounts  of 
Palladium 


Taken 

Pt,  mg  1  Pd,  mg 

Pt  found, 
mg 

Error, 

mg 

5,4 

6,1 

5,4 

0 

6,5 

15,2 

6,5 

0 

8,4 

20,8 

8,3 

—0,1 

5,4 

30,5 

5,5 

+0,1 

10,8 

61 ,0 

10,8 

0 

In  Fig.  4  are  shown  titration  curves  of  chloroplatlnate  In  a  solu¬ 
tion  containing  chloropalladlate  (Pt:  Pt  about  1 :  6)  to  which  no  potas¬ 
sium  iodide  (curve  1)  has  been  added,  and  after  precipitation  of  most 
of  the  palladium  with  potassium  Iodide  (curve  4). 

Results  of  platinum  determinations  in  the  presence  of  palladium 
after  precipitation  of  most  of  the  latter  with  potassium  Iodide  are  given 
InTable  2.  As  these  results  show,  the  experimental  error  varies  over 
the  same  limits  as  those  observed  during  titration  of  pure  solutions  of 
chloroplatlnates. 


SUMMARY 

It  has  been  shown  that  the  sulfuric  acid  content  of  solutions  of  chloroplatlnate  which  are  being  titrated  can  be 
varied  over  a  wide  range,  and  that  this  variation  In  acidity  does  not  affect  the  accuracy  of  platinum  determination 
by  titration  wlthCu2Cl2  solution. 

As  the  palladium  concentration  of  a  solution  increases  with  respect  to  platinum  concentration,  the  potential 
jump  on  the  titration  curve  decreases,  and.  In  some  cases.  Is  not  observed  at  all. 

When  chloroplatlnates  are  titrated  with  CU2CI2  solution  In  the  presence  of  palladium  a  greater  potential  jump 
Is  observed  at  the  equivalence  point  when  a  gold  electrode  rather  than  a  platinum  elect.ode  is  used  as  indicator  elec¬ 
trode. 


On  precipitating  most  of  the  palladium  by  adding  KI  directly  to  the  titration  vessel.  It  Is  possible  to  determine 
platinum  in  this  solution,  a  clearly  defined  potential  jump  being  obtained  at  the  equivalence  point, 
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The  barium  sulfate  content  of  minerals  is  usually  determined  by  the  very  cumbrous  classical  gravimetric  meth¬ 
od.  This  article  is  devoted  to  variants  of  a  simple,  rapid  complexometric  method  which  permit  rapid  determination 
of  barium  sulfate  in  minerals.  The  results  obtained  by  this  method  agree  with  the  results  obtained  by  the  classical 
method. 

Complexom.etric  method  using  alkaline  fusion  of  the  mineral.  The  method  is  based  on  dissolving  barium  sul¬ 
fate  in  excess  of  a  standard  solution  of  sodium  ethylenedlaminetetracetate  (EDTA-Na)  and  titrating  excess  of  the 
latter  with  barium  chloride  solution. 

A  0.2-0.25  g  aliquot  of  finely  ground  baryta  mineral  is  weighed  in  a  platinum  crucible,  it  is  fused  with  a  mix¬ 
ture  of  sodium  and  potassium  carbonates,  and  the  crucible  plus  the  fused  melt  immersed  in  a  beaker  containing  100 
ml  of  hot  water,  and  the  whole  boiled  for  several  minutes.  Concentrated  hydrochloric  acid  is  added  carefully  until 
gas  ceases  to  be  evolved;  a  further  20-25  ml  of  acid  is  added  together  with  1-2  ml  of  10*^  sulfuric  acid.  This  leads 
to  quantitative  precipitation  of  barium  sulfate  in  the  form  of  fine  particles,  while  all  the  remaining  components  of 
the  mineral  dissolved,  and  the  silica  remains  in  a  colloidal  form.  The  precipitate  is  filtered  off  and  washed  with  hot 
water,  the  filter  plus  precipitate  are  transferred  into  a  conical  flask,  and  a  small  amount  of  distilled  water  added, 
followed  by  25-30  ml  of  0.1  N  EDTA-Na;  the  whole  is  mixed  while  hot  until  a  completely  transparent  solution  is 
obtained  [1]. 


Results  of  the  Determination  nf  BaSQ4  in  Baryta  Minerals 


o 

BaS04  content  of  the  mineral,  <70 

a> 

by  the  classi¬ 
cal  method 

by  the  complexometric  method 

B 

(O 

after  alkali  fusion 

without  alkali  fusion 

1 

58.80 

59.04 

59.28 

58.94 

59.11 

59.32 

59.11 

59.23 

59.37 

2 

40.49 

40.67 

40.62 

40.46 

3 

30.82 

31.02 

31.10 

4 

54.10 

54.11 

54.27 

5 

64.10 

64.20 

64.33 

After  the  volume  is  diluted  to  200-250  ml,  8-10  ml  of  concentrated  ammonia  is  added,  followed  by  2-3  drops 
of  an  indicator  solution  of  phthalein-complexon;  excess  EDTA-Na  solution  is  then  titrated  with  0.1  N  barium  chlor¬ 
ide  solution.  At  the  equivalence  point  the  color  of  the  solution  changes  sharply  from  a  pale -rose  to  a  bright-violet 
[2.  3). 


A  determination  takes  approximately  3  hr. 
•  Translated  from  French  by  P.  K.  Agasyan. 
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The  barium  sulfate  content  Is  calculated  by  means  of  the  formula: 


G 

where  A  is  the  number  of  ml  of  0.1  N  EDTA-Na  used  for  dissolving  the  precipitate;  B  is  the  number  of  ml  of  0.1  N 
barium  chloride  used  for  titrating  excess  EDTA-Na. 

One  ml  of  0.1  N  EDTA-Na  corresponds  to  0.0116713  g  BaS04. 

Complexometrlc  method  without  alkali  fusion.  All  operations  are  carried  out  directly  on  the  untreated  min¬ 
eral  ,  the  alkali  fusion  operation  being  omitted. 

Two-three  ml  of  concentrated  sulfuric  acid  is  added  to  0.2-0.25  g  of  mineral  contained  in  a  100  ml  beaker 
and  the  whole  stirred  with  a  glass  tod.  The  mixture  is  heated  for  2-3  min  while  stirring,  until  white  fumes  appear. 
The  beaker  is  then  cooled  and  2-3  ml  of  distilled  water  carefully  added,  followed  by  50-60  ml  of  hydrochloric  acid 
(1;2)  the  mixture  is  boiled  for  15  min  and  then  allowed  to  stand  for  insoluble  materials  to  settle  out. 

The  insoluble  residue  is  separated  by  decantation.  The  residue  contains  fine  particles  of  barium  sulfate,  in¬ 
soluble  silica,  and  small  amounts  of  calcium.  The  residue  in  the  beaker  is  covered  with  a  concentrated  solution  of 
ammonium  carbonate  and  the  whole  stirred  with  a  glass  rod  for  15  min  until  the  calcium  sulfate  has  changed  into 
the  carbonate.  The  mixture  is  then  filtered,  and  the  precipitate  washed,  first  with  a  small  amount  of  ammonium 
carbonate,  and  then  with  a  hot,  dilute  solution  of  hydrochloric  acid,  and  hot  distilled  water. 

The  filter  plus  precipitate  containing  barium  sulfate  and  silica  are  transferred  to  a  conical  flask  and  treated 
with  EDTA-Na  solution  as  Indicated  above.  The  insoluble  silica  remains  as  a  suspension.  The  solution  is  diluted 
to  200-250  ml  and  excess  EDTA-Na  titrated  in  an  ammoniacal  medium  in  the  presence  of  phthalelncomplexon. 

A  determination  takes  about  the  same  time  as  the  first  variant. 

The  results  obtained  by  these  variants  are  compared  in  the  table  with  those  obtained  by  the  classical  gravi¬ 
metric  method. 

Reagents  used;  1)  0.1  N  EDTA-Na.  18.61  g  of  EDTA-Na  and  3. 8-3.9  g  of  sodium  hydroxide  (pellets)  are  dis¬ 
solved  in  distilled  water  in  a  one  liter  standard  flask  and  the  volume  made  up  to  the  mark  with  water.  The  solution 
is  standardized  complexometrically  agdinst  0.1  N  standard  barium  chloride  solution. 

2)  0.1  <yo  Phthalelncomplexon  solution.  Twenty  mg  of  the  preparation  is  moistened  with  1-2  drops  of  concen¬ 
trated  ammonia  solution,  after  which  it  is  diluted  with  20  ml  of  distilled  water.  The  solution  does  not  keep  for 
longer  than  a  week. 


SUMMARY 

A  rapid  complexometrlc  method  is  proposed  for  the  determination  of  the  barium  sulfate  content  of  baryta  min¬ 
erals;  it  is  based  on  dissolving  BaSOij  in  excess  EDTA-Na  solution,  and  titrating  the  excess  with  barium  chloride  solu¬ 
tion  in  the  presence  of  phthalelncomplexon. 

A  determination  takes  3  hr;  the  results  obtained  are  accurate  and  reproducible. 
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Determination  of  small  amounts  of  sulfur  and  halogens  by  spectrographic  analysis  is  a  very  complex  problem 
because  their  spectral  lines,  which  are  located  in  the  visible  and  ultraviolet  regions  of  the  spectrum,  and  which  can 
only  be  taken  advantage  of  when  special  spectrographic  apparatus  is  available,  have  high  excitation  potentials  and 
are  difficult  to  excite  in  a  flame,  arc,  and  spark.  The  sensitivity  with  which  sulfur  and  the  halogens  can  be  deter¬ 
mined,  even  in  such  powerful  impulse  sources  as  a  condensed  spark  and  a  low  voltage  spark,  does  not  exceed  some 
hundredths  of  a  percent  [1-11].  Such  sensitivity  is  not  enough  in  a  number  of  analytical  problems,  in  particular  for 
the  determination  of  sulfur,  chlorine,  and  fluorine  in  beryllium  oxide.  Methods  recommended  for  the  spectrographic 
analysis  of  beryllium  oxide  in  which  an  electric  arc  is  used  [12-15]  do  not  ensure  the  possibility  of  determining  small 
amounts  of  sulfur  and  halogens  either. 

We  have  developed  a  technique  involving  the  use  of  a  hollow  cathode  which  permits  determination  of  thousandths 
of  a  percent  of  sulfu'*,  chlorine,  and  fluorine  in  beryllium  oxide. 

McNally,  Harrison,  and  Rowe  [16]  were  the  first  to  use  a  hollow  cathode  for  determining  sulfur  and  halogens; 
these  authors,  using  the  lines  located  in  the  infrared  determined  down  to  1  /ig  sulfur,  0,2  /ig  chlorine,  and  0,01  ^g 
fluorine.  Their  method  was  developed  further  by  Chaika  [17]  who  determined  ten  thousandths  of  a  percent  of  fluo¬ 
rine  and  thousandths  of  a  percent  of  chlorine  in  uranium  oxide  and  thorium  oxide,  Korovin  and  Llpls  [18]  have  shown 
that  a  hollow  cathode  can  be  successfully  used  for  the  determination  of  many  elements  in  metals  having  a  high  boil- 
point.  The  advantages  of  a  hollow  cathode  over  other  light  sources  for  the  determination  of  elements  which  are  dif¬ 
ficult  to  excite  is  explained  by  the  simultaneous  combination  of  high  electronic  and  ionic  temperature,  discharge 
stability,  low  diffusion  of  the  atoms  from  the  discharge  zone,  and  heating  of  the  cathode  material  to  the  temperature 
necessary  for  evaporation  of  test  material. 

A  schematic  diagram  of  the  vacuum  setup  which  we  used  in  our  work  is  shown  in  Fig.  1. 

The  vacuum  setup  consists  of  evacuating  and  circulating  systems.  The  air  is  pumped  out  with  a  RVN-20  pre¬ 
vacuum  pump  and  a  TsVL-100  oil  diffusion  pump.  The  vacuum  is  measured  with  a  LT-2  thermoelectric  tube.  The 
discharge  in  the  hollow  cathode  is  carried  out  in  an  atmosphere  of  spectrographically  pure  helium  which  is  introduced 
into  the  setup  by  means  of  a  capillary  tap  [19],  The  helium  pressure  is  measured  with  an  oil  manometer.  A  DRN-10 
mercury  diffusion  pump  is  used  for  circulating  the  helium.  The  helium  is  continuously  purified  during  circulation  of 
the  gas,  by  means  of  a  trap  containing  activated  charcoal  cooled  with  liquid  air.  Traps  containing  liquid  nitrogen 
fitted  in  front  of  the  diffusion  pump  are  used  for  freezing  out  oil  and  mercury  vapors. 

When  a  hollow  cathode  is  used,  a  considerable  amount  of  time  is  taken  up  in  pumping  out  the  gas  discharge 
tube.  Moreover,  when  the  tube  l«  dismantled  frequently,  this  being  necessary  for  changing  the  electrodes,  a  con¬ 
siderable  amount  of  helium  is  lost.  Accordingly,  we  used  a  specially  designed  tube  which  enabled  rapid  replace¬ 
ment  of  electrodes  without  destroying  the  vacuum  (Fig.  2),  The  molybdenum  glass  tube  has  two  inlets  made  of  moly¬ 
bdenum  wire.  Six  molybdenum  rods  with  a  diameter  of  1.2-1. 5  mm  are  fused  into  the  stopper  of  the  tube;  they  are 
arranged  around  the  periphery  on  which  the  hollow  cathodes  are  fitted.  The  ground  joint  of  the  stopper  is  lubricated 
with  a  liquid  vacuum  grease  which  ensures  free  rotation  of  the  stopper.  Electrical  contact  between  the  hollow  cath¬ 
odes  and  the  current  supply  is  established  by  contact  of  the  molybdenum  rods  with  an  elastic  nickel  disc  fastened  on¬ 
to  the  lead-in  made  from  molybdenum  wire,  fitted  in  such  a  way  that  it  does  not  screen  the  light  emitted  by  the 
hollow  cathodes  and  does  not  hinder  adjustment  of  the  hollow  cathodes. 
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The  shape  and  dimensions  of  the  cathodes  are  shown  in  Fig.  3,  The  choice  of  cathode  material  is  of  consider¬ 
able  Importance.  Cathodes  of  charcoal  and  graphite  are  completely  unsuitable  for  analysis  of  oxitles,  since  reduc¬ 
tion  reactions  occur  in  the  heated  electrodes  with  formation  of  large  amounts  of  carbon  oxides  whose  presence  in 
the  discharge  strongly  depresses  the  sensitivity  with  which  elements  which  are  difficult  to  excite  can  be  determined. 
At  temperatures  above  1000®  the  iron  which  starts  to  pass  from  iron  and  steel  cathodes  also  lowers  the  accuracy  and 
sensitivity  of  determination.  It  would  be  desirable  to  make  cathodes  from  Infusible  metals:  molybdenum,  tantalum, 
or  tungsten.  Nevertheless  preparation  of  such  electrodes  is  associated  with  difficulties  in  the  mechanical  treatment 
of  these  materials.  Good  results  can  be  obtained  on  using  electrodes  made  from  stainless  steel  the  inner  walls  of 
such  electrodes  being  protected  with  a  tube  of  pure  molybdenum. 


Fig.  1.  Schematic  diagram  of  the  vacuum  setup.  1) 
Prevacuum  pump;  2)  oil  diffusion  pump;  3)  mercury 
diffusion  pump;  4)  tube  plus  hollow  cathodes;  5)  he¬ 
lium  cylinder;  6)  oil  manometer;  7)  trap  with  ac¬ 
tivated  charcoal;  8)  trap  with  liquid  air;  9)  mano¬ 
meter  tube;  10)  taps;  11)  capillary  tap. 


Standards  containing  from  0.001  to  O.l'^o  sulfur, 
chlorine,  and  fluorine  are  prepared  from  solutions  of  ber¬ 
yllium  sulfate,  beryllium  chloride,  and  ammonium  tetra- 
fluoroberyllate,  using  pure  beryllium  oxide  as  the  base. 

The  standard  samples  are  dried  at  105-110*  and  are  then 
ground  up  in  an  agate  mortar. 

Fifty  mg  samples  of  beryllium  oxide  are  packed  in¬ 
to  the  hollow  cathodes.  The  discharge  tube  is  evacuated 
to  a  pressure  of  lO"'*  —  10"®  mm  Hg  and  is  then  filled  with 
helium  to  a  pressure  of  15  mm  Hg.  During  the  discharge 
process  the  helium  is  continuously  purified  by  circulating 
it  through  the  trap  containing  activated  charcoal. 

Spectra  are  photographed  with  an  ISP-51  spectro¬ 
graph  fitted  with  a  camera  having  /  =  270.  The  slit  width 
is  0.01  mm.  The  image  of  the  hollow  cathode  is  projected 
onto  the  slit  by  means  of  a  one  lens  condenser. 

The  spectrograph  casette  is  loaded  with  a  composite 
plate  such  that  the  4700-6000  A  region  is  photographed  on 
a  "micro"  type  photographic  plate,  while  the  6500-8000 
A  region  is  photographed  on  "Infra-760"  type  photographic 
plates.  Before  they  are  used  the  "Infra-760*  plates  are 
hypersensitized  by  immersing  them  for  one  minute  in  5<)fc 
aqueous  ammonia  and  then  drying  them  with  a  stream  of  air. 


Two  type  UIP-1  rectifiers  connected  in  series  are  used  as  the  current  source,  the  voltage  of  the  rectified  current 
being  1200  v.  The  current  is  regulated  with  a  rheostat  having  a  resistance  of  6300  ohms  and  amounts  to  300  jia.  Ex¬ 
posure  time  is  2  min.  At  the  end  of  this  period  sulfur  and  chlorine  have  "burnt  out"  completely;  most  of  the  fluorine 
also  "bums  out."  (Table  1).  The  slower  passage  of  fluorine  into  the  discharge  is  explained  by  the  fact  that  beryllium 
fluoride  has  a  higher  melting  point  and  boiling  point  than  beryllium  sulfate  and  chloride. 
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The  high  stability  of  the  discharge  in  the  hollow  cathode  and  the  small  background  in  the  visible  region  of  the 
spectrum  enables  calibration  curves  to  be  constmcted  for  the  determination  of  sulfur  and  chlorine  in  the  coordinates 
(S,  log  C),  where  S  is  the  absolute  blackening  of  the  spectral  lines  and  C  is  the  ccxicentration  of  the  element  in  the 
standards.  Because  of  the  continuous  background  in  the  infrared,  the  curve  for  determination  of  fluorine  is  constructed 
within  the  coordinates  log  ^line  +  background  -  ^background/Ibackground,  log  C),  where  Ijine  +  background  ^  the  in¬ 
tensity  of  the  spectral  line,  Ibackground  ts  the  background  intensity,  and  C  is  the  concentration  (Fig.  4).  In  order  to 
convert  from  blackening  to  intensity,  use  is  made  of  the  characteristic  curve  of  the  "Infra-760"  photographic  plate, 
constructed  on  the  basis  of  the  blackening  marks. 


Fig.  3.  Hollow  cathode. 


TABLE  1,  "Burning Out"  of  Sulfur,  Chlorine,  and  Fluorine  from  Beryllium  Oxide  in  a  Hollow  Cathode  (standard  0,01  <7o) 


Element 

Spectral 
line,  A 

Difference  between  the  blackening  of  the 
spectral  line  and  the  background,  sec 

Chemical 

compound 

Notes 

0.120 

120-240 

240-360 

Sulfur 

5453.9 

0.71 

- 

1 

BeS04 

Decomposes  at  550-600" 

Chlorine 

4794.5 

0.66 

—  1 

BeCl2 

Bolls  at  520*  (p  =  760  mm 

Hg) 

Fluorine 

7037.4 

0.38 

0.20 

(NH4)2BeF4 

On  heating  decomposes 
with  formation  of  BeFj 
which  melts  at  800* 

TABLE  2.  Determination  of  Fluorine  in  Beryllium  Oxide 


.  Sample 
2  No, 

43 

U 

cd 

PO 

Fluorine 

content, 

% 

Mean  value 

of  the  fluo¬ 
rine  content, 

% 

Absolute 

error, 

% 

Mean 

absolute 

error, 

% 

Mean 

absolute 

error, 

% 

1  1 

0.041 

0.042 

-0.001 

i  0.004 

±9.5 

2 

0.036 

-0.001 

3 

0.041 

-0.006 

4 

0.050 

+  0.008 

2  1 

0.030 

0.027 

+  0.003 

±0.004 

±15 

2 

0.020 

-0.007 

3 

0.030 

+  0.003 

4 

0.032 

+  0.005 

5 

0.024 

-0.003 

The  analytical  lines  used  are;  sulfur,  5453.9;  chlorine,  4794.5;  fluorine  7037,4.  The  sensitivities  for  the  de¬ 
termination  of  the  various  elements  are:  0.001  chlorine,  0.003‘7o  sulfur,  and  0.005%  fluorine. 

Using  this  technique  we  have  analyzed  several  batches  of  beryllium  oxide.  The  fluorine  content  of  two  batches 
was  determined  (Table  2). 
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No  sulfur  and  chlorine  were  found  In  the  test  samples.  Accordingly,  we  checked  on  the  reproducibility  of  the 
method  by  taking  repeated  photographs  of  standards.  The  mean  relative  error  proved  to  be  ±15-20'^. 

SUMMARY 

A  method  has  been  developed  for  the  spectrographlc  deter¬ 
mination  of  sulfur,  chlorine,  and  fluorine  In  beryllium  oxide  by  means 
of  a  hollow  cathode.  The  method  permits  determination  of  0.001'% 
chlorine,  0.003*%  sulfur,  and  0,005*%  fluorine  In  samples  weighing 
50  mg.  The  mean  relative  error  Is  ±  15-20<%. 
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Fig.  4.  Calibration  curves.  1)  Sulfur 
5453.9;  2)  chlorine  4794.5;  3)  fluorine 
7037.4/background. 


All  abbreviations  of  periodicals  in  the  above  bibliography  are  letter-by-letter  transliter¬ 
ations  of  the  abbreviations  as  given  in  the  original  Russian  journal.  Some  or  alt  of  this  peri¬ 
odical  literature  may  well  be  available  in  English  translation.  A  complete  list  of  the  cover- to- 
cover  English  translations  appears  at  the  back  of  this  issue. 
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The  methods  which  are  capable  of  giving  the  most  reliable  results  during  determination  of  small  amounts  of 
sulfur  are  those  which  require  the  minimum  amoimts  of  reagents  to  carry  them  out. 

The  combustion  method  would  appear  to  be  the  most  acceptable  one  from  this  viewpoint.  Brims,  Braude,  and 
Tsiklls[l]  havesuggested  measuring  the  change  In  the  concentration  of  the  absorption  solution  on  the  basis  of  Its  elec¬ 
trical  conductivity  during  carbon  determination,  and  have  extended  this  method  to  the  determination  of  sulfur  by 
absorbing  the  sulfur  dioxide  formed  with  hydrogen  peroxide  [2],  We  have  tried  to  determine  sulfur  by  precipitating 
It  In  the  form  of  barium  sulfate. 

It  Is  Impossible,  however,  to  achieve  a  sufficiently  high  sensitivity  by  this  method  for  the  reliable  determina¬ 
tion  of  0.000170  sulfur. 

A  considerable  Increase  In  the  sensitivity  with  which  sulfur  can  be  determined  Is  achieved  by  measuring  the 
electrical  conductivity  when  the  sulfur  dioxide  Is  absorbed  with  an  aqueous  Iodine  solution.  Under  such  conditions, 
for  each  atom  of  sulfur  there  appear  In  solution  seven  Ions,  four  of  which  are  hydrogen  Ions  possessing  an  anomalously 
high  mobility.  Molecular  Iodine  hardly  dissociates  at  all  Into  Ions  In  water  and  does  not  Increase  the  dissociation 
of  water;  accordingly,  the  electrical  conductivity  of  the  saturated  solutions  of  Iodine  In  water  Is  determined  mainly 
by  the  electrical  conductivity  of  the  water  Itself  whose  value  Is  low. 

The  setup  for  sulfur  determination  Is  similar  to  the  setup  for  carbon  determination  [1,  3,  4].  The  modifica¬ 
tions  made  to  the  setup  In  [4]  Involve  the  following: 

a)  the  wash  flask  for  absorbing  sulfur  dioxide  was  omitted;  the  combustion  tube  was  connected  through  a  tap 
with  an  absorption  vessel  which  also  acts  as  a  measuring  cell; 

b)  since  even  traces  of  moisture  which  condense  on  the  cold  parts  of  the  apparatus  almost  completely  absorb 
sulfur  dioxide,  the  oxygen  passing  Into  the  combustion  tube  must  be  dried.  For  this  purpose  a  U-shaped  tube  con¬ 
taining  calcium  chloride  was  fitted  between  the  combustion  tube  and  the  wash  vessel  containing  alkali. 

Firstly,  we  checked  on  the  proportionality  between  the  change  In  electrical  conductivity  and  sulfur  content. 

For  this  purpose  the  requisite  amount  of  ZnS04  was  calcined  at  a  temperature  of  1200*,  Zinc  sulfate  was  placed  In 
the  form  of  a  solution  In  a  boat;  the  solution  was  then  evaporated  In  a  drying  oven.  The  curve  shown  In  the  diagram 
was  obtained  In  this  way. 

The  sensitivity  of  the  method  amounts  to  0.2-0.3  /ig  sulfur.  It  depends  mainly  on  the  accuracy  with  which 
the  electrical  conductivity  Is  measured.  This  same  curve  served  further  as  a  calibration  curve  for  determination  of 
sulfur  In  tungsten  and  molybdenum. 

Tungsten  was  examined  first,  because  fewer  difficulties  arise  when  this  metal  Is  used.  Tungsten  Is  readily 
oxidized  and  lumps  of  metal  can  be  used  for  analysis.  In  addition,  the  timgsten  trloxlde  formed  at  the  combustion 
temperature  Is  sparingly  volatile,  so  that  there  Is  no  need  for  any  after  charge.  Before  taking  samples  the  lumps  of 
tungsten  were  carefully  washed  with  acetone  and  dried.  Two-three  g  of  tungsten  was  placed  in  a  quartz  boat  cal¬ 
cined  beforehand  In  an  oxygen  stream  at  a  temperature  somewhat  higher  than  the  combustion  temperature. 

Boat  plus  sample  were  then  placed  In  the  cold  zone  of  the  combustion  tube;  the  tube  was  sealed  and  purged 
with  an  oxygen  stream  for  30  min.  During  this  period  the  measuring  cell  was  washed  several  times  with  a  saturated 
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solution  of  Iodine  In  water.  The  iodine  solution  was  prepared  by  taking  5  g  of  iodine  per  liter  of  twice  distilled  water 
and  dissolving  it  over  a  period  of  several  days  by  periodic  shaking.  Six  ml  of  the  iodine  solution  (this  amoxmt  of  io¬ 
dine  solution  was  sufficient  to  cover  the  electrodes  and  bubbler  tube  completely  in  the  cell  which  we  used)  was  in¬ 
troduced  into  the  measuring  cell.  The  cell  was  placed  in  a  thermostat 
in  which  it  was  kept  for  15  min  at  25*,  and  connected  to  the  combustion 
system.  Oxygen  was  then  passed  through  the  solution  (5  min)  and  the 
first  measurement  of  electrical  conductivity  made;  the  tap  between  the 
measuring  cell  and  the  combustion  tube  was  closed,  and  an  oven  heated 
to  1200*  fitted  onto  the  tube.  Completion  of  oxidation  of  the  aliquot 
was  followed  by  means  of  a  rotameter  (the  level  in  the  rotameter  should 
be  at  the  same  position  as  it  was  before  combustion).  When  combustion 
was  complete  the  tap  was  opened  again;  the  oxygen  containing  the  sul¬ 
fur  dioxide  was  passed  through  the  measuring  cell  for  30-40  min,  and  the 
electrical  conductivity  measured  again.  Measurements  were  repeated 
every  10  min.  Absorption  was  regarded  as  complete  when  the  electrical 
conductivity  of  the  solution  did  not  change  over  a  period  of  10  min. 

After  determination  of  sulfur  in  one  sample  of  tungsten,  standard 
zinc  sulfate  solution  was  added  to  an  equal  aliquot  of  sample  and  the 
total  amount  of  sulfur  determined.  The  results  obtained  are  given  in 
Table  1.  They  show  that  the  method  gives  satisfactory  results. 

The  method  suggested  permits  determination  of  1  •  10"^  %  of  sulfur 
in  tungsten  with  reasonable  accuracy. 

During  oxidation  of  molybdenum,  molybdenum  trioxide  is  formed; 
the  latter  completely  evaporates  at  the  combustion  temperature  and 
blocks  up  the  tube.  Consequently,  before  combustion,  it  is  necessary  to  add  zinc  oxide  which  forms  a  sparingly  vola¬ 
tile  compound  with  molybdenum  trioxide.  When  insufficient  zinc  oxide  is  added  the  readily  fusible  ternary  com¬ 
pound  of  zinc  oxide  with  quartz  and  molybdenum  trioxide  is  formed,  as  a  result  of  which  the  combustion  tube  be¬ 
comes  useless  (fuses).  Zinc  oxide  should  therefore  be  added  in  a  4-5  fold  excess.  The  boiling  point  of  molybdenum 
trioxide  is  about  1160*,  as  a  result  of  which  the  sublimation  rate  is  high  at  1200*  and  the  trioxide  does  not  succeed 
in  reacting  with  the  zinc  oxide.  To  avoid  this  phenomenon,  the  oven  temperature  was  gradually  raised  from  900  to 
1200*.  The  remaining  details  of  the  method  for  the  determination  of  sulfur  in  molybdenum  are  the  same  as  those 
used  for  determination  of  sulfur  in  tungsten. 


TABLE  1.  Determination  of  Sulfur  in  Tungsten  Metal  after  Addition  of  ZnS04.  (The  following  sulfur 
contents  were  found  for  the  W  taken:  1.4  •10"'*;  1.6  *10"*;  1.1 'lo”*;  1.2*10"*;  1.5  •lO"**’/©  S;  mean 
value  1.4*10'^f7o  S) 


Sample 

S  content  (g) 
in  an  aliquot 

X  10"® 

S  added 
In  (g) 

X  lo"® 

Amount  of  S 
that  should  be 
present  i^o) 

X  lo”* 

S  found  (^o) 
X  10"* 

Deviation  (<7o) 

X  10"® 

Error  (<yo), 
relative 

W  +  ZnSO^ 

3.5 

2 

2.2 

1.7 

-5 

-22.7 

W  +  ZnS04 

3.7 

2 

2.1 

2.2 

+  1 

+  4.7 

W  +  ZnSO^ 

4.1 

2 

2.0 

2.3 

+  3 

+  13 

W  +  ZnSQ4 

4.3 

2 

2.0 

1.9 

-1 

-  5 

It  follows  from  Table  2  that  the  relative  error  is  about  The  accuracy  for  the  determination  of  sulfur  in 

molybdenum  is  lower  than  in  the  case  of  tungsten,  and  is  strongly  dependent  on  the  quality  of  the  zinc  oxide.  Fin¬ 
ally  we  analyzed  two  batches  of  molybdenum  for  their  sulfur  content.  The  amount  found  in  the  first  bath  was  3  *10”®; 
3*10“®;  1*10"®;  5»10"®‘yo  S,  while  in  the  second  it  was  5»l0"®'7o  S. 

The  sulfur  content  of  molybdenum  samples  analyzed  was  less  than  l«10"*i,  and  in  some  cases  was  within  the 
limits  of  experimental  error. 


X 


g  s.io  ® 

Relation  between  increase  in  electri¬ 
cal  conductivity  of  the  iodine  solution 
and  the  amount  of  SOj  absorbed. 
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TABLE  2.  Determination  of  Sulfur  In  Molybdenum  Metal  (The  following  sulfur  contents  were  found 
for  the  W  taken:  2*10  2*10”®;  6*10  6‘10"^  3*10  4*lO"®'yo  S;  mean  value  4»10“*<^ 

S) 


Sulfur  content 

S  added  (g) 

S  content  (i^) 

S  found  (yo) 

Deviation 

Error  (<yo). 

Sample 

(g)  X  10"» 

X  10‘® 

X  10~* 

X  10“^ 

% 

relative 

MO  -  89  +  ZnSO^ 

0,9 

2 

1.3 

1.4 

+ 1  •  10"® 

+  7.7 

MO  -  89  +  ZnSO^, 

lo2 

2 

1 

0.9 

-1«10"® 

-10 

SUMMARY 

Methods  have  been  developed  for  the  determination  of  sulfur  (1  •  10"^  In  tungsten  and  molybdenum  with  a 
relative  error  not  greater  than  20'7o. 

The  sulfur  dioxide  formed  Is  absorbed  with  a  saturated  aqueous  solution  of  Iodine. 

The  concentration  of  the  Ions  formed  Is  determined  by  electrical  conductivity  measurements.  The  sensitivity 
of  the  method  Is  0.2- 0.3  fig  sulfur. 
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Determination  of  free  ethylenedlamlnetetracetic  acid  (EDTA)  is  readily  carried  out|  methods  for  determining 
EDTA  combined  with  metal  ions  which  have  been  described  in  the  literature  [1-3]  cannot  be  used  universally  and 
are  difficult;  some  of  these  methods  require  expensive  and  not  readily  available  apparatus  for  measuring  optical 
density  in  the  ultraviolet. 

We  have  developed  a  simple  tltrlmetric  method  for  the  determination  of  EDTA  in  solutions  containing  the 
complexonates  (the  ethylene diamlnetetracetates)  of  Fe^^^,  Fe^^,  Al,  Cu^,  Nl,  Mn^^,  Cr^^^,  Mg,  and  Ca  which  is  based 
on  the  substitution  of  the  metals  from  their  complexonates  by  trlvalent  bismuth  which  forms  a  complexonate  which 
dissociates  to  a  lesser  extent: 


[MeEDTA]*"*'  +  Bl*'^  — [BIEDTA]**  +  Me*^ 

Calculation  shows  that  the  equilibrium  of  this  reaction  is  shifted  almost  completely  toward  the  right  hand  side 
when  pKj^eEDTA  less  than  pHbiedTA.  If  only  f’Y  3  units. 

Bismuth  complexonate  is  very  stable  in  acid  media;  apparently,  pKB££j)'j«^is  close  to  25.  Of  the  complexo¬ 
nates  of  the  metals  listed  above,  iron  (HI)  and  chromium  (HI)  complexonates  (pH  =  25.0  and  about  24  respectively) 
will  not  react  with  excess  Bi*^  ions.  Excess  bismuth  ions  can  be  back  titrated  with  solution  of  sodium  ethylenedi- 
amlnetetracetate  (EDTA-Na)  in  an  acid  medium  in  the  presence  of  xylenol  orange  [4,  5]  or  pyrocatechol  violet  [2].* 

In  the  work  described  here  we  used  0.01  M  solutions  of  Bl(N05)8 
and  EDTA-Na.  Xylenol  orange  was  used  as  Indicator. 

It  was  established  that  in  an  acid  medium  (pH  about  1)  the 
reaction  indicated  above  proceeds  almost  quantitatively  in  the  cold 
in  approximately  20  min,  and  on  boiling  in  1  min,  for  all  the  metal 
complexonates  apart  from  those  of  iron  (III)  and  chromium  (III). 
Many  complexonates  react  almost  instantaneously. 

In  the  presence  of  a  reducing  agent  (ascorbic  acid)  fenic 
complexonate  breaks  down  to  form  bismuth  complexonate  and  Fe*'*’ 
ions.  Under  these  conditions,  chromium  (HI)  complexonate  hardly 
Interacts  at  all  with  bismuth  ions.  Excess  Bi*"^  was  backtitratedwlth 
EDTA-Na  solution  at  pH  1-1.5;  the  color  change  of  the  indicator 
from  raspberry  to  yellow  was  readily  observable. 

Experiments  showed  that  EDTA  can  be  determined  with  satis¬ 
factory  acciuacy  even  in  the  presence  of  large  amounts  of  ions  of 
various  metals  (Table  1). 

The  method  recommended  for  the  determination  of  EDTA  is  described  below. 

An  aliquot  of  test  solution  containing  30-60  mg  EDTA  is  Introduced  into  a  titration  flask  and  acidified  with 
5  ml  of  HCIO4  (1 : 1).  After  adding  15-25  ml  of  0.01  M  BifNOjlj  solution  the  solution  is  heated  to  90-100*.  Ascorbic 

•  Presumably  hematoxylin  and  galleln  [6]  could  also  be  used  for  this  purpose. 


TABLE  1.  Determination  of  EDTA  in  Solu¬ 
tions  Containing  Various  Metal  Ions 


Metal  (10  mg 
taken) 

EDTA,  mg| 

Error, 'Vo 

taken 

found 

(rela¬ 

tive].. 

Fc" 

1 

1/1,25 

0,0 

Fe“' 

w/ir) 

ri,20 

—0,:’. 

Al 

l/i,;W) 

-1-0,;’. 

Ni 

i'(,2r) 

l'i,25 

0,0 

Cn 

1/1,25 

l'i,15 

0,7 

Fo“l-Fe'",  ^ 

8,8 

8,7 

—1,1 

-l-AllCuiNil  1 

l/.,2.5 

1/1,2 

— o,;i 

)  Mil"  1  Ca  1 

17,0 

16, 0 

— 0,6 

I  Mk  ' 

28,. 5 

28,:’. 

—0,8 

(10  mg  each) 
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acid  la  added  (0.6-1.0  g)  and  the  solution  allowed  to  stand  for  10  min  without  heating;  it  is  then  diluted  to  about 
100  ml  with  distilled  water.  A  few  drops  of  xylenol  orange  solution  Is  added  and  excess  bismuth  titrated  with  0.01 
M  EDTA-Na  solution  until  the  color  changes  from  raspberry  to  yellow. 

S*~  Ions  Interfere  since  they  form  an  Insoluble  sulfide  with  bismuth,  accordingly  they  should  be  removed,  e.g., 
by  precipitation  with  CUSO4. 

For  determination  of  EDTA  combined  with  chromium  (HI)  we  used  a  well-known  photometric  method  (meas¬ 
urement  of  the  optical  density  of  solutions  of  the  violet  chromium  (HI)  complexonate  at  550 mjj)  [7,  8].  The  pH  of 
the  solution  being  analyzed  is  adjusted  to  3,5-4  according  to  universal  Indicator  paper  by  addition  of  ammonia  or 
sulfuric  acid;  in  order  to  stabilize  the  solution  EDTA-Na  (25  mg/ml)  was  introduced  In  addition.  The  presence  of 
free  Ions  In  solution,  In  addition  to  the  chromium  complexonate,  does  not  lead  to  high  results,  since  EDTA-Na 
and  Ct^'*’  react  very  slowly  in  the  cold.  The  colored  complexonates  of  copper  and  nickel,  as  long  as  their  contents 
are  not  too  high  (Cu,  Ni:Cr  2),  do  not  Interfere  with  the  determination  since  they  absorb  light  strongly  at  other 
wavelengths. 

Interference  from  large  amounts  of  Iron  (HI)  complexonate  Is  eliminated  by  addition  of  a  strong  reducing  agent, 
e,g,,  sodium  hydrosulfite;  should  elemental  sulfur  separate  out,  the  solution  is  filtered  through  a  fine  filter  paper. 

The  chromium  complexonate  concentration  of  a  sample  Is  determined  by  means  of  a  calibration  curve. 

Table  2  contains  results  of  the  determination  of  EDTA  In  the  presence  of  chromium  (III)  and  other  metals. 


TABLE  2.  Determination  of  EDTA  Combined  with  Metal  Ions 


EDTA  found  In  solution,  g/llter 

Error, 

rela¬ 

tive 

EDTA  Intro¬ 
duced  Into 
the  solution,* 
g/llter 

combined  with  other 

combined  with  chromium 
(photometric  method) 

metals  (backtltra- 
tlon  of  excess  bis¬ 
muth) 

Total 

1.00 

0.63 

0.38 

1.01 

+  1.0 

3.50 

0.73 

2.76 

3.49 

-0.3 

•  The  solution  contained  1  g  each  of  Fe  and  A1  per  liter;  0,5  g  each  of  Mn,  Ca,  and 
Mg  per  liter;  0.1-0,15  g  per  liter  of  Cr;  0,1  g  each  of  Cu  and  N1  per  liter,  in  the  form 
of  their  sulfates. 

In  conclusion  the  author  would  like  to  thank  V,  F,  Luk’yanov  for  the  valuable  advice  given  In  the  course  of 
this  work. 


SUMMA  RY 

A  tltrlmetrlc  method  Is  suggested  for  the  determination  of  ethylenedlamlnetetracetlc  acid  In  the  presence  of 
the  most  common  metal  Ions;  It  Is  based  on  back  titration  of  excess  bismuth  ions  with  EDTA-Na  in  an  acid  medium 
In  the  presence  of  xylenol  orange, 

EDTA  combined  with  chromium  (HI)  is  determined  by  measuring  the  optical  density  of  solutions  of  chromium 
(ni)  complexonate, 
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Titanium  tetrachloride  used  for  metallurgical  purposes  should  be  purified  as  much  as  possible  from  all  Im¬ 
purities  It  may  contain.  In  order  to  organize  and  Improve  a  purification  technique  It  Is  essential  to  have  methods 
for  the  quantitative  determination  of  compounds  which  contaminate  titanium  tetrachloride.  In  work  carried  out 
earlier  we  demonstrated  the  possibility  and  expediency  of  using  Infrared  absorption  spectroscopy  for  the  determina¬ 
tion  of  such  Impurities  as  TlOClj,  VOClj,  HCl,  CgCl*,  COClj,  COj,  CClsCOCl  [1-2]  In  titanium  tetrachloride.  The 
work  described  In  the  present  article  Is  a  continuation  of  the  study  of  the  molecular  nature  of  the  Impurities  In  tech¬ 
nical  titanium  tetrachloride,  and  Is  devoted  to  development  of  quantitative  methods  for  their  determination. 

Determination  of  thlonyl  chloride.  An  absorption  band  with  v  =  1241  cm"^  Is  observed  In  the  Infrared  ab¬ 
sorption  spectrum  of  technical  titanium  tetrachloride  and  In  that  of  some  cases  of  purified  titanium  tetrachloride. 

As  experiment  has  shown,  this  band  belongs  to  thlonyl  chloride  and  corresponds  to  the  valence  vibration  of  the  S  =  0 
group  [3]. 

TBde  band  at  y  =  1241  cm"^  could  be  chosen  as  an  analytical  band  for  the  quantitative  determination  of  thlonyl 
chloride  In  titanium  tetrachloride.  However,  It  must  be  borne  In  mind  that  determination  based  on  this  band  Is  pos¬ 
sible  only  when  the  titanium  tetrachloride  does  not  contain  appreciable  amounts  of  such  Impurities  as  silicon  tetra¬ 
chloride  with  an  absorption  band  at  y  =  1222  cm"^  and  phosphorus  oxychloride  with  a  band  at  y  =  1226  cm”*  and 
y  =  1264  cm”*,  as  well  as  thlonyl  chloride.  Accordingly,  Infrared  spectroscopy  can  be  expediently  used  for  the  de¬ 
termination  of  the  thlonyl  chloride  concentration  of  purified  titanium  tetrachloride  which  contains  only  very  small 
amounts  of  silicon  tetrachloride  and  phosphorus  oxychloride. 

We  constructed  a  calibration  curve  relating  optical  density  to  the  concentration  of  the  Impurity  In  standard 
solutions  [4].  For  this  purpose,  the  absorption  spectra  of  solutions  with  the  following  concentrations  were  taken:  0.005, 
0,01,  0.02,  0.037,  and  0.05°}o,  As  Fig.  1  shows,  the  calibration  curve  is  linear;  accordingly,  the  solutions  conform  to 
Beer's  law  over  the  concentration  range  examined.  Each  point  on  the  curve  Is  the  mean  of  three  measurements.  The 
absorption  coefficient  calculated  from  the  curve  is  equal  to  K  =  150  cm"*  (when  the  concentration  is  expressed  in 
wt.)  or  K  =  1040  liter/mole  cm  (concentration  expressed  in  mole/ liter/ cm. 

Thus  in  order  to  determine  thlonyl  chloride  in  titanium  tetrachloride,  it  is  necessary  to  measure  the  optical 
density  at  the  maximum  of  the  band  y  =  1241  cm"*,  and,  knowing  the  coefficient,  to  calculate  the  concentration 
required  by  means  of  the  formula; 


c  =  D/Kd, 

where  c  Is  the  concentration,  D  is  the  optical  density,  and  jd  is  the  path  length. 

The  sensitivity  of  the  determination  Is  1  •  lO"^  <7o  (wt.).  The  relative  experimental  error  does  not  exceed  3-7<JJfc. 

Determination  of  carbon  disulfide.  During  a  study  of  the  infrared  spectra  of  many  samples  of  technical  titan¬ 
ium  tetrachloride,  and  intense  band  at  y  =  1520  cm"*  was  observed;  this  was  shown  experimentally  to  belong  to 
carbon  disulfide.  This  band  can  be  used  for  analytical  purposes  since  It  is  almost  always  free  from  overlapping  by 
the  absorption  bands  of  other  Impiuitles  and  from  those  of  titanium  tetrachloride  Itself.  Carbon  disulfide  is  miscible 
with  titanium  tetrachloride  In  all  proportions  [5]  and  does  not  interact  with  it.  This  is  confirmed  spectroscopically, 
since  the  absorption  band  of  pure  carbon  disulfide  differs  very  little  from  the  band  observed  in  the  spectrum  of  a 
solution  of  this  compound  In  titanium  tetrachloride. 
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For  quantitative  determination  of  carbon  disulfide,  a  calibration  curve  (Fig.  2)  was  constructed  using  standard 
solution  with  the  following  concentrations;  0.0011;  0.0055;  0.0108;  0.0205  and  0.03037o  (wt.).  Each  point  on  the 
curve  Is  the  mean  of  three  measurements.  The  absorption  coefficient  determined  from  the  curve  Is  given  by  K  =  780 
cm”*  or  K  =  3450  llter/mole  cm. 


<yfl  wt.  of  SOCI2  in  TiCl4 

Fig.  1.  Calibration  curve  for  the  deter¬ 
mination  of  SOClj  In  TICI4  on  the  basis 
of  the  band  at  u  =  1241  cm"*. 


Fig.  2.  Calibration  ciuve  for  the  deter¬ 
mination  of  CS2  In  TICI4  on  the  basis 
of  the  band  at  u  =  1520  cm"*. 


Fig.  3.  Calibration  curve  for  the  deter¬ 
mination  of  POCls  In  TICI4  on  the  basis 
of  the  band  at  1/  =  1226  cm"*. 


Fig.  4.  Calibration  curve  for  the  deter¬ 
mination  of  POCls  In  TiCl4  on  the  basis 
of  the  band  at  u  =  1264  cm"*. 


The  sensitivity  of  the  determination  Is  7  *10"®  1^0;  the  relative  experimental  error  does  not  exceed 

Determination  of  phosphoms  oxychloride.  Two  absorption  bands  with  v  =  1226  cm  *  and  v  =  1264  cm"*  were 
detected  in  the  spectra  of  some  samples  of  technical  titanium  tetrachloride.  Chemical  analysis  of  titanium  tetra¬ 
chloride  showed  the  presence  of  small  amoimts  of  phosphorus.  Experiments  showed  that  the  same  two  bands  are  ob¬ 
served  in  the  Infrared  absorption  spectra  of  a  solution  of  phosphorus  oxychloride  In  titanium  tetrachloride.  One  ab¬ 
sorption  band  at  1/  =  1295  cm"*  Is  observed  In  the  spectrum  of  pure  phosphorus  oxychloride.  This  band  Is  absent  In 
the  spectrum  of  a  solution  of  phosphorus  oxychloride  In  titanium  tetrachloride  while  the  other  two  bands  at  v  =  1226 
cm"*  and  v  =  1264  cm“*  appear.  This  testifies  to  an  Interaction  between  phosphorus  oxychloride  and  titanium  tetra¬ 
chloride.  There  are  published  references  [6-7]  to  the  fact  that  on  adding  phosphorus  oxychloride  to  titanium  tetra¬ 
chloride,  the  compound  POCls  •TiCl4  is  formed;  this  compoimd  is  llmltlngly  soluble  In  titanium  tetrachloride.  Accord¬ 
ingly,  the  two  bands  observed  at  u  =  1226  cm"*  and  v  =  1264  cm"*  can,  presumably ,  be  ascribed  to  the  complex 
POCls  •TIC14.  should  be  pointed  out  that  the  boiling  point  of  this  compound  Is  140®,  which  excludes  the  practical 
use  of  fractional  distillation  for  purifying  titanium  tetrachloride  (b.  p.  136")  from  phosphorus  oxychloride.  Both  the 
bands  with  v  =  1226  cm"*  and  v  =  1264  cm"*  can  be  used  as  analytical  bands;  these  bands  can  be  used  for  quantita¬ 
tive  determination  In  those  cases  where  the  titanium  tetrachloride  only  contains  negligible  amounts  of  such  Impurities 
as  silicon  tetrachloride  and  thlonyl  chloride.  Analysis  of  technical  titanium  tetrachloride  for  Its  phosphorus  oxychlo¬ 
ride  content  is  best  carried  out  on  the  basis  of  the  band  at  v  =  1264  cm"*,  which  Is  more  free  from  overlapping  by 
other  bands. 
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Standard  solutions  with  varying  contents  of  phosphorus  oxychloride  were  prepared  for  the  quantitative  deter¬ 
mination  of  the  latter;  O.OOSj  O.OlOj  0,020;  0.051  (wt.).  Calibration  curves  constructed  for  the  two  analytical  bands 

are  shown  in  Figs,  3  and  4,  The  absorption  coefficient  for  the  band  at  =  1266  cm"^,  as  determined  from  the  curve 
and  calculated  on  the  basis  of  the  POClj  molecule  Is  80  cm“*  or  715  liter /mole  cm.  The  absorption  coefficient  for 
the  band  at  u  =  1264  cm”^  Is  equal  to  139  cm"*  or  1250  llter/mole  cm. 

Knowing  the  absorption  coefficient,  it  Is  possible  to  determine  the  phos¬ 
phorus  oxychloride  concentration  on  the  basis  of  both  bands  and  to  take  the 
mean.  In  the  case  of  band  overlap  It  is  necessary  to  choose  the  one  more  free 
from  overlapping. 

The  sensitivity  of  determination  according  to  the  band  at  i#  =  1226  cm”* 
Is  1.6  *10“^  <7o,  while  according  to  the  band  at  y  =  1264  cm”*  It  is  I’lC^fyo. 
The  experimental  error  does  not  exceed  3-7‘7o  (relative). 

Determination  of  silicon  tetrachloride.  Silicon  is  usually  determined 
in  titanium  tetrachloride  by  emission  spectrographic  analysis.  This  method 


<7o  wt.  SiCl4  in  TiCl4 

Fig.  5.  Calibration  curve  for  the 
determination  of  SiCl4  in  TlC^ 

on  the  hauls  of  the  band  at  1222 
_ ^-1 


requires  careful  preparation  of  samples,  and,  at  high  silicon  contents  of  the 
titanium  tetrachloride  (  >  0,l<^o)  gives  a  large  error.  It  became  necessary 
therefore  to  develop  infrared  spectroscopic  method  for  the  determination  of 
silicon  tetrachloride  in  titanium  tetrachloride.  This  method  permits  the  re¬ 
producibility  of  the  results,  and  the  accuracy  with  which  silicon  can  be  de¬ 
termined  in  technical  titanium  tetrachloride  to  be  improved.  In  addition, 
the  infrared  method  makes  it  possible  to  develop  continuous  methods  for  ana¬ 
lyzing  titanium  tetrachloride  for  its  content  of  this  impurity.  Titanium  tetra¬ 
chloride  exhibits  absorption  bands  in  the  far  infrared  and  is  transparent  over  a  wide  frequency  range.  This  means 
that  it  is  possible  to  work  with  long  path  lengths  and  opens  up  possibilities  of  designing  apparatus  for  continuous  con¬ 
trol  of  plant  streams.  Continuous  determination  of  the  silicon  concentration  of  titanium  tetrachloride  during  its  frac¬ 
tional  distillation  would  permit  the  fractionation  column  to  be  completely  automated. 


Absorption 

band, 

cm"* 

Absorption  coefficient 

Spectral 

Impurity 

liter 

slit 

width, 

cm"* 

cm 

mole  cm 

Thlonyl  chloride  SOClj 

1241 

150 

1040 

1,  -lO""* 

6.6 

Carbon  disulfide  CSj 

1520 

780 

3450 

7  .10"® 

8.9 

Phosphorus  oxychloride  POClj 

1226 

80 

715 

1.6.10"'* 

6.6 

Silicon  tetrachloride 

Silicon  tetrachloride  SiCl4 

1264 

1222 

139 

0.807 

1250 

8.0 

1  .10"^ 

2  .10"* 

6.6 

Silicon  tetrachloride  has  the  following  fundamental  vibration  absorption  bands:  150;  220;  425;  607  cm"*  [8], 
The  band  at  y  =  607  cm"*  can  be  observed  when  a  KBr  prism  is  used.  Analysis  of  titanium  tetrachloride  for  most 
of  the  impurities  it  contains  is  carried  out  over  the  region  in  which  NaCl  and  LlF  prisms  are  transparent.  Work  with 
a  spectrometer  fitted  with  a  KBr  prism  presents  certain  experimental  difficulties  and  requires  additional  study.  All 
this  complicates  control  of  the  quality  of  titanium  tetrachloride  under  production  conditions.  It  should  also  be 
pointed  out  that  prism  resetting  also  takes  some  time.  We  accordingly  chose  the  band  at  1222  cm"*  which  belongs, 
apparently,  to  the  first  overtone  of  the  frequency  at  y  =  607  cm"*.  The  sensitivity  of  a  determination  based  on  this 
band  is  low,  but  it  is  still  sufficient  for  the  determination  of  silicon  in  technical  titanium  tetrachloride.  For  con¬ 
structing  a  calibration  curve  (Fig.  5)  standard  solutions  of  silicon  tetrachloride  in  titanium  tetrachloride  were  pre¬ 
pared  with  the  following  concentrations:  0,10;  0.40;  0.70  and  0.99*70  (wt.).  Each  point  on  the  ctuve  is  the  mean  of 
three  measurements.  The  absorption  coefficient  found  from  the  curve  was  K  =  0,807  cm"*  or  K  =  8.0  liter/mole  cm. 

During  determination  of  silicon  tetrachloride  one  must  take  into  account  the  possibility  of  overlapping  from 
the  bands  of  titanium  oxychloride  v  =  1184  cm"*,  thlonyl  chloride  v  =  1241  cm"*,  and  phosphorus  oxychloride 


u  =  1226  cm"*.  The  effect  of  such  overlapping,  however,  only  shows  up  at  relatively  high  concentrations  of  the  Im¬ 
purities  mentioned.  The  titanium  oxychloride  concentration  of  technical  titanium  tetrachloride  does  not  usually  ex¬ 
ceed  0.2'^,  while  that  of  thionyl  chloride  does  not  exceed  0.01'^,  and  that  of  phosphorus  oxychloride  0.005<^;  in  such 
cases  band  overlapping  does  not  show  an  appreciable  effect  on  the  determination  of  silicon  tetrachloride  content. 

The  sensitivity  of  determination  is  0.02'^.  The  error  does  not  exceed  3-l<^a  (relative). 

The  method  developed  has  a  number  of  advantages  over  chemical  and  emission  spectrographic  methods.  They 
Include;  a  shorter  time  for  carrying  out  a  determination;  direct  use  of  the  titanium  tetrachloride  for  analysis  without 
preliminary  hydrolysis;  the  possibility  of  designing  apparatus  for  continuous  determination  of  silicon  in  titanium  tetra¬ 
chloride;  better  reproducibility  of  the  results. 

The  most  Important  data  obtained  during  development  of  techniques  for  determining  these  impurities  in  titan¬ 
ium  tetrachloride  by  means  of  an  IKS-12  spectrometer  fitted  with  a  NaCl  prism,  are  given  in  the  table. 

SUMM  A  RY 

New  impurities  have  been  detected  in  titanlimi  tetrachloride;  they  include  thionyl  chloride,  phosphorus  oxy¬ 
chloride,  and  carbon  disulfide.  Methods  have  been  developed  for  the  quantitative  determinations  of  SOClj,  POCls, 
CSj,  and  SiCl4  in  titanium  tetrachloride  by  Infrared  spectroscopy. 
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The  main  difficulty  which  arises  during  the  spectrographic  determination  of  impurities,  in  particular,  iron, 
silicon,  titanium,  tantalum,  and  lead,  in  niobium  metal  is  the  preparation  of  reliable  standards.  Since  niobium  metal 
readily  oxidizes  in  air  at  600-700*  it  is  expedient  to  prepare  standards  and  samples  in  the  form  of  niobium  pentoxide. 
Published  spectrographic  methods  only  deal  with  the  determination  of  tantalum  and  titanium  [1,  7]  and  readily  vola¬ 
tile  lead,  tin,  cadmium,  bismuth,  and  antimony  [2]  in  niobium  pentoxide.  After  the  work  described  here  had  been 
completed  a  brief  communication  appeared  on  the  use  of  the  spectrographic  method  for  the  determination  of  a  num¬ 
ber  of  elements  including  iron,  silicon,  titanium,  and  tantalum  [3]  in  niobium  pentoxide.  Unfortunately  no  informa¬ 
tion  is  given  in  this  paper  on  the  sensitivity  and  accuracy  of  the  determination. 

Choice  of  conditions.  Results  obtained.  The  most  convenient  light  source  for  the  spectrographic  determina¬ 
tion  of  impurities  in  powders  at  a  high  sensitivity  level  is  a  dc  arc.  Accordingly,  during  the  simultaneous  determina¬ 
tion  of  iron,  silicon,  titanium,  tantalum,  and  lead  in  niobium  pentoxide,  the  spectra  were  excited  in  a  dc  arc.  In 
order  to  prevent  samples  being  thrown  out  of  the  electrode  crater,  the  pentoxide  was  mixed  beforehand  with  carbon 
powder  (in  the  proportion  of  2: 1),  while  the  current  was  kept  at  6.5  amps  for  15  sec  during  the  initial  period  of  arc 
burning,  and  was  then  raised  for  12  amps.  Excitation  of  the  spectra  at  a  low  current,  in  addition,  significantly  in¬ 
creased  the  sensitivity  and  reproducibility  of  the  determination  of  lead.  The  total  exposure  time  was  2  min.  Samples 
weighing  30  mg  were  placed  in  the  carbon  electrode  crater  which  was  4  mm  in  diameter  and  3mm  deep.  The  lower 
electrode  containing  the  sample  served  as  the  anode,  while  a  carbon  rod  6  mm  in  diameter  was  used  as  cathode.  The 
spectra  were  photographed  on  a  large  Hilger  quartz  spectrograph  using  "diapositive"  plates  with  a  sensitivity  of  0.25 
GOST  unit  and  "spectrographic  type  1"  with  a  sensitivity  of  0.7  GOST  unit.  The  spectrograph  slit  was  illuminated 
with  a  one  lens  condenser. 

The  sf>ectrum  excitation  conditions  were  chosen  on  the  basis  of  study  of  the  burning  out  curves  obtained  at  arc 
current  values  of  10,  12,  and  15  amps  (at  i  =  12  amps  in  Fig.  1).  Burning  out  curves  for  tantalum,  titanium,  silicon, 
and  niobium  on  adding  carbon  powder  to  the  sample,  have,  as  a  rule,  two  maxima  each.  We  suggest  that  these  maxi¬ 
ma  are  determined  by  the  formation  of  carbides  during  arc  burning.  It  was  established  on  the  basis  of  the  burning 
out  curves  that  all  the  test  impurities  evaporated  almost  completely  in  2  min  when  the  current  had  values  of  12  and 
15  amps.  However,  for  i  =  15  amps  there  is  observed  a  fairly  intense  background;  it  is  better  therefore  to  work  at  a 
current  of  12  amps. 

The  internal  standard  method  was  adopted  to  improve  the  reproducibility  of  the  determinations.  Cobalt,  which 
was  added  to  standards  and  samples  to  a  concentration  of  8  *10'^  used  as  an  internal  standard  during  silicon 

and  iron  determination.  Niobium  lines  were  used  as  reference  lines  for  determination  of  titanium  and  tantalum.  The 
analytical  lines  and  the  concentration  ranges  studied  are  given  in  Table  1.  Typical  calibration  curves  constructed 
within  the  coordinates  log  C  —  AS  are  shown  in  Fig.  2. 

Over  the  concentration  ranges  indicated,  the  curves  are  linear.  By  converting  from  blackening  to  intensity. 

Iron,  silicon,  titanium,  and  lead  can  be  determined  with  a  sensitivity  of  1  •10'®<7o,  and  tantalum  with  a  sensitivity 
of  3 . 10’*<7i,. 

The  reproducibility  of  a  single  determination,  which  is  characterized  by  the  mean  square  error,  amounts  to 
lO'^fl  for  tantalum  and  titanium,  ll<yo  for  silicon,  13^0  for  lead,  and  16‘7o  for  iron. 

The  reliability  of  the  method  was  evaluated  from  the  analytical  results  for  samples  to  which  known  amounts 
of  the  test  impurities  had  been  added  (Table  2).  The  figures  given  in  the  table  testify  to  the  completely  satisfactory 
accuracy  of  the  method  developed. 
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Up  to  \°]c  of  "third  elements:"  iron,  silicon,  lead,  and  calcium  does  not  affect  the  sensitivity  and  accuracy  of 
determination. 

Preparation  of  spectrographically  pure  niobium  pentoxide  and  preparation  of  standards.  In  order  to  obtain  pure 
niobium  pentoxide  for  preparing  standards  we  have  developed  a  method  in  which  niobium  is  separated  from  tantalum 
on  the  basis  of  the  difference  in  the  extractability  of  their  fluoride  complexes  with  cyclohexanone  [4-6]. 


0  t  Z  3 

min. 

Fig.  1. 


Fig.  2. 


Niobium  is  separated  from  titanium  and  other  impurities  by  converting  niobic  acid  with  hydrogen  peroxide 
and  ammonia  in  the  presence  of  sodium  ethylene diaminetetracetate  into  ammonium  peroxyniobate  (NFl4)5NbOj. 
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Under  these  conditions  the  impurities  remain  in  solution.  On  heating,  ammonium  peroxyniobate  readily  changes  into 
niobium  pentoxide  whose  tantalum  content  is  less  than  while  its  titanium,  iron,  silicon,  and  lead  contents 

do  not  exceed  1 . 

For  preparing  the  fluoride  solution,  technical  niobium,  in  the  form  of  turnings,  is  placed  in  a  platinum  beaker 
and  dissolved  in  a  mixture  of  hydrofluoric  and  nitric  acids.  The  earth  element  acids  are  precipitated  from  solution 
with  ammonia,  the  precipitate  is  filtered  off  and  washed  with  water  to  free  it  from  nitrate  ions.  The  precipitate  is 
then  dissolved  in  40^0  hydrofluoric  acid,  the  acidity  is  adjusted  to  0.8-1  M  and  the  tantalum  extracted  with  cyclo¬ 
hexanone.  After  the  phases  have  separated,  the  tantalum  which  is  in  the  extract  is  precipitated  with  ammonia,  fil¬ 
tered  off,  calcined,  and  weighed.  The  tantalum  content  of  the  precipitates  is  determined  spectrographically.  Tan¬ 
talum  is  removed  from  a  solution  containing  200  g  of  niobium,  as  the  results  in  Table  3  show,  after  four  extractions. 


TABLE  1 


Test  elements 

Analytical  lines,  A 

Reference  lines,  A 

Test  concentration 
range ,  *7c 

Iron 

Fe  2490.64 

Co  2528.97 

3-10‘*  -  I-IO'^ 

Silicon 

Si  2506.89 

Co  2528.  97 

3. 10"®-  1.10"^ 

Titanium 

Ti  3234.52 

Nb  3248.86 

3- 10"®-  3*10"‘ 

Tantalum 

Ta  2714.67 

Nb  2714.19 

0.1  -3.0 

Lead 

Pb  2833.07 

The  background  on  the 
right  of  the  analytical 
line 

3-10'®-  3.10"® 

Pb  2663.17 

The  same 

3. 10"® -3. 10"* 

TABLE  2 


Sample  No. 

Test  elements 

titanium 

silicon 

iron 

tantalum 

lead 

Introduced,  *7o 

Found,  *70 

Introduced,  *7o 

Found,  *7o 

Introduced,  ^7< 

Found,  *7o 

Intro¬ 
duce  d,*7o 

Found, 

<7o 

Intro¬ 
duced,  ‘’Jt 

Found, 

1c 

1 

6.5*10"® 

7.2*10"® 

2.0*10'® 

3.0*10"® 

2.0*10"® 

2.0*10"® 

— 

— 

2 

2.0.10'® 

1.8*10"® 

6.0*10"® 

O 

o 

6.5*10"® 

6.3-10"® 

- 

- 

6.5*10"® 

6.5*10 

3 

6.5 ‘lO'® 

6.6*10'® 

2.0*10"® 

2.0-10'® 

2.0*10"® 

2  - 10"® 

0.60 

0.54 

5.0*10"® 

4.0*10 

4 

0.20 

0.25 

6.5*10"® 

7.2*10"® 

6.5*10"® 

6.6-10"® 

2.0 

1.8 

0.2 

0.25 

TABLE  3  Niobium,  which  is  contained  in  the  aqueous 

phase,  is  precipitated  with  niobium,  the  precipitate 
is  filtered  off  and  washed  with  hot  water.  The  pre¬ 
cipitate  which  has  been  washed  free  of  fluoride  ions 
is  transferred  to  a  beaker,  100  ml  of  a  50*70  solution 
of  ammonium  ethylenediaminetetracetate  and  250- 
300  ml  of  25*70  ammonia  solution  are  added,  the 
mixture  is  cooled  and  30*7o  hydrogen  peroxide  added 
gradually  with  stirring  until  a  coarse  crystalline  pre¬ 
cipitate  of  ammonium  peroxyniobate  is  formed. 
Solution  plus  precipitate  are  cooled  for  1-2  hr,  the 
precipitate  is  then  filtered  off  and  washed  2-3  times 
with  small  portions  of  25*7o  ammonia  solution.  The 

precipitate  is  again  transferred  to  a  beaker  and  dissolved  in  200  ml  of  50*70  tartaric  acid  heated  to  50-70*,  and  the 
insoluble  residue  filtered  off.  Four-hundred  ml  of  30*7o  hydrogen  peroxide  is  added  to  the  cooled  solution  and  am¬ 
monium  peroxyniobate  precipitated  with  25'7o  ammonia  solution.  The  precipitate  is  filtered  off,  washed  with  25<7o 
ammonia  solution,  and  dried  in  a  vacuum  desiccator.  Ammonium  peroxyniobate  decomposes  at  70-72®  to  form  nio¬ 
bium  pentoxide  which  is  then  calcined  at  700-800®. 


Extraction 

Amount  of 
Nb  and  Ta 

In  the  ex¬ 
tracts,  mg 

Ta  content  accord¬ 
ing  to  spectro- 
graphic  analysis 
of  the  extracts, 

1c 

Amount 

of  Ta  ex¬ 
tracted, 
mg 

I 

1820 

35 

637 

II 

1450 

3.6 

52.7 

III 

1000 

0.7 

7.0 

IV 

320 

0.1 

0.32 
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Standards  are  prepared  on  the  basis  of  niobium  pentoxide  to  which  are  added  calculated  amounts  of  tantalum, 
iron,  silicon,  titanium,  and  lead  oxides,  cobalt  oxide  being  added  as  the  internal  standard.  The  mixture  is  placed 
in  a  platinum  basin  and  ground  for  one  hour.  The  remaining  standards  are  prepared  by  diluting  the  original  standard 
with  the  base  and  adding  the  internal  standard. 

SUMMARY 

Methods  have  been  developed  for  the  spectrographic  determination  of  iron,  silicon,  titanium,  tantalum,  and 
lead  in  niobium,  and  for  obtaining  highly  pure  niobium  pentoxide  which  can  be  used  for  preparing  spectrographic 
standards. 
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odical  literature  may  well  be  available  in  English  translation.  A  complete  list  of  the  cover- to- 
cover  English  translations  appears  at  the  back  of  this  issue. 
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Analysis  of  materials  containing  niobium,  tantalum,  and  titanium  is  one  of  the  most  difficult  problems  in  ana¬ 
lytical  chemistry.  All  known  gravimetric  methods  involving  the  use  of  tannin,  pyrogallol,  acridine,  8-hydroxyquino- 
line  etc.  [1-5]  require  two,  and  in  most  cases,  three  reprecipitations  which  involves  filtering  and  washing  the  pre¬ 
cipitates.  Not  only  are  they  tedious  and  inconvenient  to  carry  out,  but,  as  a  number  of  studies  have  shown  [6],  they 
do  not  give  sufficiently  accurate  results.  The  most  promising  approach  would  seem  to  be  the  direct  titrimetric  method 
of  determining  titanium  in  the  presence  of  niobium,  a  method  suggested  by  Winterstein  [7],  and  also  by  Tomicek  et  al. 
[8],  In  hydrochloric  acid  solutions  titanium  is  reduced  to  its  trivalent  state  by  zinc  amalgam  in  the  presence  of  sod¬ 
ium  fluoride.  Under  these  conditions  niobium  is  not  reduced.  According  to  Tomicek  [8],  in  the  presence  of  tar¬ 
taric  acid,  niobium  is  not  reduced  by  zinc  amalgam  or  amalgamated  zinc.  Under  these  conditions  titanium  is  reduced 
to  the  trivalent  state.  Working  with  mercury  presents  certain  difficulties.  Accordingly,  metallic  cadmium  and  alu¬ 
minum  are  widely  used  for  reducing  titanium. 

The  aim  of  the  work  described  here  was  to  obtain  more  accurate  information  on  the  reducibility  of  niobium  and 
titanium  by  aluminum  in  the  presence  of  masking  agents,  to  establish  the  optimum  conditions  for  reducing  titanium, 
and  to  develop  a  method  for  determining  titanium  in  TiC— Nb  alloys. 

EXPERIMENTAL 

Metallic  niobium  was  dissolved  in  a  mixture  of  hydrofluoric  acid  with  a  few  drops  of  concentrated  nitric  acid; 
sulfuric  acid  was  then  added  and  the  liquid  evaporated  until  SOs  fumes  were  evolved.  The  sulfuric  acid  solution  of 
niobium  was  diluted  so  that  the  niobium  content  of  10  ml  of  solution  was  not  greater  than  0.08-0.1  g.  A  titanium 
solution  of  the  same  concentration  was  prepared. 

In  order  to  study  the  effect  of  fluorides  on  the  reduction  of  niobium  in  sulfuric -hydrochloric  acid  solutions  by 
metallic  aluminum,  the  following  experiments  were  carried  out.  To  solutions  containing  the  same  amount  of  nio¬ 
bium  was  added  20  ml  of  concentrated  sulfuric  acid  and  from  20  to  30  ml  of  concentrated  hydrochloric  acid.  The 
volume  of  the  solution  was  made  up  to  200  ml  with  water.  Niobium  was  reduced  with  metallic  aluminum  in  the 
presence  of  varying  amounts  of  sodium  or  ammonium  fluoride,  the  solution  was  cooled  and  the  reduced  solution 
titrated  with  a  ferric  alum  solution  in  the  presence  of  potassium  thiocyanate.  The  results  obtained  are  given  in  Table 
1.  Large  amounts  of  fluorides  (Table  1)  are  necessary  to  prevent  reduction  of  niobium  with  metallic  aluminum  in 
sulfuric-hydrochloric  acids. 

It  is  more  convenient  to  add  ammonium  fluoride,  since  it  is  appreciably  more  soluble  than  sodium  fluoride; 
moreover,  in  the  presence  of  ammonium  fluoride  sparingly  soluble  Na3AlF6  is  not  precipitated.  The  presence  of  vary¬ 
ing  amounts  of  hydrochloric  acid  in  the  mixture  of  sulfuric  and  hydrochloric  acids  has  almost  no  effect  on  the  re¬ 
duction  of  titanium  with  metallic  aluminum,  at  the  same  time,  in  the  presence  of  hydrochloric  acid  the  amount  of 
niobium  reduced  increases  sharply.  Considerably  smaller  amounts  of  fluorides  are  required  for  preventing  reduction 
of  niobium  in  sulfuric -hydrochloric  acid  solutions  than  in  hydrochloric  acid  solutions.  Results  on  the  reduction  of 
niobium  in  sulfuric  acid  solutions  in  the  presence  of  ammonium  fluoride  are  given  in  Table  2.  Accordingly,  it  is 
possible  to  prevent  reduction  of  niobium  by  adding  small  amounts  of  ammonium  fluoride.  The  following  results  were 
obtained  (Table  3)  during  titration  of  mixtures  of  niobium  and  titanium  in  a  sulfuric  acid  medium  in  the  presence  of 
ammonium  fluoride. 
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When  even  small  amounts  of  hydrochloric  acid  (about  5  ml)  are  added  to  sulfuric  acid  solutions  of  niobium 
and  titanium  salts  in  the  presence  of  ammonium  fluoride,  appreciable  reduction  of  niobium  occurs.  Not  only  fluor¬ 
ides,  but  also  tartaric,  oxalic,  and  citric  acids,  and  sodium  ethylenediaminetetracetate  (Table  4)  can  be  used  for 
complexing  niobium  into  a  complex  which  is  not  reduced  by  metallic  aluminum.  On  the  basis  of  the  results  given 
in  Table  4,  one  can  conclude  that  quadrivalent  titanium,  in  the  presence  of  fluorides,  oxalic,  citric,  and  tartaric 
acids,  and  sodium  ethylenediaminetetracetate  can  be  readily  reduced  with  metallic  aluminum  to  the  trivalent  state, 
while  quinquevalent  niobium  is  not  reduced  under  these  conditions. 


TABLE  1.  Effect  of  Fluorides  on  Reduction  of  Quinquevalent  Niobium  with  Aluminum  in  Sulfuric-Hy¬ 
drochloric  Acid  Solutions  (Niobium  taken  0.044  g) 


NaF, 

added, 

8 

Extent  to  which 

niobium  is  re¬ 
duced 

Color  of  the 
niobium 

solution 

NH4F  added, 

8 

Extent  of 
reduction 

Color  of  the 
niobium 

solution 

— 

3.7 

Black 

— 

3.7 

Black 

2 

4.2 

Brown 

2 

3.8 

Brown 

3 

4.4 

Ditto 

6 

4.5 

Ditto 

5 

4.7 

Yellow 

10 

4.9 

Bright -yellow 

7.5 

4.8 

Bright-yellow 

12 

4.97 

Colorless 

10 

4.93 

Almost  colorlesi 

15 

4.98 

Colorless 

15 

4.94 

Ditto 

TABLE  2.  Effect  of  Fluorides  on  the  Reduc¬ 
tion  of  Niobium  in  a  Sulfuric  Acid  Medium 
(0.044  g  niobium  taken) 


NH4F,  added 

8 

Extent  to  which  nio¬ 
bium  is  reduced 

0.2 

4.65 

0.4 

4.88 

0.6 

5.00 

1.0 

5.00 

TABLE  3.  DeterminationofO.0884  g  of  Titanium  in  a 
Sulfuric  Acid  Medium  in  the  Presence  of  Niobium 


Niobium 
added,  g 

Ti:Nb 

ratio 

NH*  added, 

8 

Found, 

8 

0.096 

1:1 

0.5 

0.0886 

0.096 

1:1 

1.0 

0.0886 

0.144 

1: 1.5 

1.0 

0.0887 

0.198 

1:2 

1.5 

0.0886 

EXP  ERIMENTAL 


0.1-0.2  g  of  a  Tie— Nb  alloy  is  dissolved  in  10-15  ml  of  a  HF  +  HNO3  mixture.  When  dissolution  is  complete 
the  solution  is  evaporated  to  a  small  volume,  10  ml  of  sulfuric  acid  is  added  and  the  liquid  evaporated  to  the  appear¬ 
ance  of  white  SO3  fumes.  After  being  cooled,  the  solution  is  transferred  to  a  250  ml  conical  flask;  20-25  ml  of  con¬ 
centrated  sulfuric  acid  is  added,  followed  by  1  g  of  ammonium  fluoride  or  5-7  g  of  citric  or  tartaric  acid,  the  solu¬ 
tion  is  diluted  to  100  ml  with  water  and  1. 5-2.0  g  of  metallic  aluminum  added  in  individual  portions  while  the  solu¬ 
tion  is  continuously  cooled.  When  turbulent  liberation  of  hydrogen  in  the  cold  is  complete,  a  stopper  with  two  inlet 
tubes  is  fitted  into  the  flask;  one  is  connected  to  a  CO 2  supply  while  the  other  serves  for  leading  off  the  gas.  The 
flask  is  placed  on  a  hotplate  and  is  boiled  until  the  aluminum  has  dissolved  completely;  the  solution  is  then  cooled 
while  the  CO2  is  passed  through  it  and  is  rapidly  titrated  with  a  ferric  alum  solution  until  it  has  a  rose  color.  The 
ferric  alum  solution  is  standardized  against  a  standard  solution  of  titanium  or  ferrotitanium. 


Should  the  alloy  not  dissolved  in  the  HF  +  HNO3  mixture,  it  is  fused  in  a  platinum  crucible  with  potassium 
pyrosulfate.  The  melt  is  leached  into  20  ml  of  30‘yfl  tartaric  or  citric  acid,  the  solution  is  transferred  into  a  conical 
flask  and  20  ml  of  concentrated  sulfuric  acid  added;  the  procedure  outlined  above  is  then  followed. 


Titanium  carbide  alloys  containing  different  amounts  of  niobium  were  analyzed  by  the  method  suggested  using 
citric  acid.  Results  of  parallel  determinations  are  given  below: 


Sample 


Titanium  found 


Titanium  found 


Sample 

3 

4 

5 


28.70  28.82  28.74 

58.67  58.60  58.67 

69.55  69.70  69.60 


TABLE  4.  Effect  of  Masking  Agents  on  the  Reduction  of  Titanium  and  Niobium  in  Sul¬ 
furic  Acid  Solutions  by  Metallic  Aluminum  (total  volume  of  solution  200  ml) 


Concentrated  I 

Added,  g 

ml  of  0.078  N 

H2SO4, 

ml 

HCl,  ml 

citric 

acid 

tartaric 

acid 

oxalic 

acid 

sodium  ethyl- 
enediamlne- 
tetracetate 

NH4Fe(S04)2 
solution  used 

20 

0.088  g  tita 

nium  taken 

23,30 

20 

_ 

2,5 

— 

— 

— 

23,35 

20 

— 

5,0 

— 

— 

— 

23,30 

20 

— 

7,5 

— 

— 

— 

23,25 

20 

_ 

10,0 

— 

— 

— 

23,35 

20 

_ 

3,5 

— 

— 

23,4 

20 

_ 

— 

7,0 

— 

— 

23.35 

20 

— 

10,0 

— 

— 

23,30 

20 

_ 

— 

— 

2,0 

— 

23,35 

20 

_ 

_ 

— 

4,0 

— 

23,30 

20 

— 

— 

— 

6,0 

_ 

23,35 

20 

_ 

— 

— 

5,0 

23,40 

20 

— 

— 

— 

— 

10,0 

23,45 

20 

0.096  g  niol 

2,0 

3ium  taken 

0,6 

20 

_ 

_ 

3,5 

— 

— 

0,3 

20 

_ 

— 

7,0 

— 

— 

0,0 

10 

10 

— 

7,0 

— 

— 

2,1 

20 

— 

2,5 

— 

— 

0,2 

20 

— 

5,0 

— 

— 

— 

0,0 

10 

10 

5,0 

— 

— 

— 

1,5 

20 

— 

— 

2,0 

— 

0,2 

20 

_ 

— 

— 

4,0 

— 

0,0 

20 

_ 

_ 

— 

5,0 

0,0 

20 

— 

— 

— 

10,0 

0,0 

SUMMARY 

A  method  has  been  developed  for  the  titrimetric  determination  of  titanium  in  titanium  —  niobium  alloys  after 
its  reduction  with  metallic  aluminum  in  the  presence  of  fluorides,  oxalic,  tartaric,  and  citric  acids  or  sodium  ethyl- 
enediaminetetracetate  in  a  sulfuric  acid  medium.  Hydrochloric  acid  promotes  reduction  of  niobium.  The  method 
has  been  used  for  the  determination  of  titanium  in  alloys  of  titanium  carbide  and  metallic  niobium. 
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Existing  methods  for  the  analysis  of  silicoorganic  materials  which  are  based  on  combustion  in  an  oxygen  stream, 
permit  determination  of  carbon,  hydrogen,  and  silicon  [2-3],  or  carbon,  hydrogen,  silicon,  and  halogen  (or  sulfur)  [4] 
on  one  aliquot.  For  the  analysis  of  silicoorganic  compounds  containing  metal  atoms,  however,  these  methods  are  not 
suitable  for  the  determination  of  both  silicon  and  metal.  It  is  best  to  use  the  "wet  combustion"  method  in  such  cases 
[5]. 


Fig.  1.  Wet  combustion  apparatus.  1)  Bubble  counter  filled  with  concentrated  sulfuric 
acid;  2)  askarite  column  for  purifying  the  oxygen;  3)  reaction  flask;  4)  side  tube,  fused 
into  the  flask,  for  introducing  chromic  acid;  5)  ground  joint;  6)  ground  stopper  with  tube 
for  introducing  oxygen;  7)  quartz  tube  (200  ml  long,  8-10  mm  diameter);  8)  catalyst- 
chromic  oxide  on  pumice;  9)  electric  oven  at  700-750*;  10)  loose  fitting  asbestos  plugs; 

1))  ground  joint;  12)  halogen  absorber  containing  pieces  of  glass  rod  moistened  with  an 
acetic  acid  solution  of  hydrazine  (pH  6);  13)  flask  containing  pieces  of  glass  rod  moist¬ 
ened  with  concentrated  sulfuric  acid;  14)  tube  containing  anhydrone;  15)  tube  contain¬ 
ing  askarite  and  anhydrone. 

Wet  combustion,  as  a  method  of  breaking  down  silicoorganic  compounds  which  contain  various  metals  and 
metalloids,  can  be  used  in  a  very  wide  variety  of  cases,  since  in  addition  to  carbon  and  silicon,  it  also  permits  de¬ 
termination  of  other  elements  which  remain  in  the  filtrate  after  removal  of  the  carbon  and  silicon.  Complete  oxi¬ 
dation  of  various  polymers  is  possible  by  choosing  appropriate  oxidizing  mixtures  and  decomposition  conditions. 

•  For  communication  3,  see  [1]. 

•  •  L.  N.  Karabashkina  took  part  in  the  experimental  work. 


Earlier  [6],  we  suggested  a  method  for  oxidizing  silicoorganic  compounds  with  sulfuric  and  chromic  acids  in 
an  oxygen  stream  for  the  determination  of  carbon  and  silicon,  and  carbon,  nitrogen,  and  copper  or  iron  in  organic 
compounds  containing  metals.  It  was  established  in  the  course  of  the  work  described  in  the  present  article  that  it 
is  necessary,  in  order  to  destroy  polymeric  organoaluminosiloxanes  by  the  wet  combustion  method,  to  heat  the  test 

material  in  concentrated  sulfuric  acid  beforehand.  It  was  obvious  that  during  such  treatment  the  bond  =Si—0-Al  = 

I  I 

[7]  was  broken,  and  further  oxidation  of  these  siloxanes  with  chromic  acid  proceeded  appreciably  more  rapidly.  The 
silica  formed  during  this  stage  was  removed  from  the  sulfuric  acid  by  filtration,  gelatin  solution  being  added  to  accel¬ 
erate  filtration.  The  silicon  was  then  converted  into  sodium  fluorosilicate  and  determined  titrimetrically  [8].  Alu¬ 
minum  was  determined  in  the  filtrate  after  removal  of  silicon.  In  order  to  separate  aluminum  from  chromium  which 
is  always  contained  in  appreciable  amounts  in  the  sulfuric  acid  solution  after  combustion,  we  adopted  electrolysis 
with  a  mercury  cathode  [9].  Chromium  was  thereby  held  by  the  mercury,  while  the  aluminum  remained  in  solution. 
Aluminum  was  determined  titrimetrically  with  sodium  ethylenediaminetetracetate  (EDTA-Na)  [10].  Carbon  was  de¬ 
termined  gravimetrically  as  usual. 


TABLE  1 .  Determination  of  Aluminum 


Aliquot  of 

Al,  mg 

polyphenyl¬ 
aluminosil¬ 
oxane,  mg 

content  of 
the  ali¬ 
quot 

added 

total 

amount 

found 

difference 

89,95 

10,97 

4,84 

15,81 

16,01 

-^-0,20 

90,64 

11,06 

2,42 

13,48 

13,59 

-5-0,11 

50,98 

6,22 

4,84 

11,06 

11,23 

-5-0,17 

50,53 

6,14 

2,42 

8,56 

8,52 

—0,04 

52,25 

6,37 

2,42 

8,79 

8,74 

—0,05 

TABLE  2.  Determination  of  Carbon,  Silicon,  and  Aluminum  on  One  Aliquot 


Test  material  aliquot,  C,'^  Si, Al,'yo 

_ mg _ 

Polyethylaluminosiloxane  49,10  15,3  15,2  14,6 

Batch  1  50,90  15,5  15,0  14,3 

Polyethylaluminosiloxane  50,88  16,7  12,2  17,2 

Batch  9  52,58  17,1  11,8  16,9 

Polyethylauminosiloxane  48,30  15,1  14,0  13,9 

Batch  21  51,70  14,9  13,6  13,8 

Polyphenylalumino-  51,20  35,7  12,0  15,5 

siloxane  48,55  35,3  12,4  15,3 

Since  we  had  no  individual  polymeric  organoaluminosiloxanes  at  our  disposal,  we  adopted  the  following  pro¬ 
cedure  in  order  to  establish  the  accuracy  of  the  determination.  Aluminum  was  determined  beforehand  by  the  sug¬ 
gested  method  (12.2%  Al)  in  technical  polyphenylaluminosiloxane.  Next,  a  known  volume  of  aluminum  sulfate  solu¬ 
tion  prepared  from  aluminum  metal  Mark  ABl  was  introduced  into  the  reaction  flask  3  (Fig.  1),  and  the  liquid  eva¬ 
porated  almost  to  dryness,  an  aliquot  of  the  siloxane  with  the  known  aluminum  content  was  introduced,  and  oxida¬ 
tion  and  determination  of  aluminum  carried  out  as  described  below.  The  results  obtained  are  given  in  Table  1. 

The  carbon,  silicon,  and  aliuninum  contents  of  samples  of  technical  polymeric  ethyl-  and  phenylalumino- 
siloxanes  were  determined  on  one  aliquot  by  the  suggested  method.  It  is  clear  from  the  results  obtained  that  there 
is  satisfactory  agreement  between  parallel  determinations. 

EXPERIMENTAL 

Into  a  dry  reaction  flask  3  (Fig.  1)  containing  an  aliquot  of  test  material  is  introduced  5  ml  of  concentrated 
sulfuric  acid,*  while  through  side  tube  4  is  introduced  1.5-2  ml  of  chromic  acid.*  *  The  flask  is  connected,  as  shown 

*  The  sulfuric  acid  is  heated  beforehand  for  40-50  min  in  order  to  destroy  any  possible  organic  impurities,  and  then 
cooled  in  a  flask  fitted  with  a  ground  glass  calcium  chloride  tube. 

*  *  Seventy  g  of  chromium  trioxide  is  dissolved  in  100  ml  of  water  and  boiled  for  3-5  min.  The  cooled  solution  is 
filtered  through  a  glass  filter. 
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in  Fig.  1,  oxygen  is  passed  through  for  2-3  min  and  weighing  tube  15  connected.  Without  stopping  the  oxygen  flow, 
the  flask  is  immersed  for  10-15  min  in  a  bath  heated  to  150-160*,  and  on  cooling  a  small  amount  of  chromic  acid 
is  added  from  side  tube  4;  liberation  of  carbon  dioxide  bubbles  is  observed  during  this  stage.  Oxidation  usually  pro¬ 
ceeds  quietly  without  foaming.  When  any  visible  reaction  has  stopped  the  flask  is 
p.  again  heated  at  the  same  temperature  for  30  min. 


The  carbon  content  is  determined  from  the  increase  in  weight  of  tube  15  filled 
with  askarite  following  from  the  absorption  of  carbon  dioxide.  Silicon  and  aluminum 
are  determined  in  the  contents  left  in  reaction  flask  3  after  combustion.  For  this  pur¬ 
pose  the  flask  is  disconnected,  the  silica  adhering  to  the  walls  is  washed  off  with  water 
and  then  filtered  off,  the  silicon  is  finally  determined  titrimetrically  by  a  method  des¬ 
cribed  earlier  [8], 

Aluminum  is  determined  as  follows.  After  removal  of  the  silicon,  the  sexivalent 
chromium  in  the  filtrate  is  reduced  by  heating  with  a  few  drops  of  methanol.  The 
solution  is  transferred  into  a  200  ml  standard  flask,  an  aliquot  of  this  solution  (50  ml) 
is  transferred  into  an  electrolytic  cell  (Fig.  2)  containing  30-40  ml  of  mercury  metal 
and  50-60  ml  of  water.  The  electrodes  are  connected  to  a  dc  current  source  and  elec¬ 
trolysis  carried  out  with  a  current  of  5  amps  at  a  voltage  of  22  v  over  a  period  of  100- 
120  min.  The  colorless  solution  obtained  in  syphoned  from  the  electrolytic  cell  into 
a  conical  flask,  and  the  electrolytic  cell  washed  4-5  times  with  5-7  ml  lots  of  water. 
The  solution  in  the  flask  is  evaporated  to  a  volume  of  about  50  ml,  it  is  neutralized 
with  25<yc  alkali  solution  (using  Congo  red  paper),  1  ml  of  concentrated  sulfuric  acid 
and  20  ml  of  0.01  M  EDTA-Na  solution  are  added  and  the  solution  heated  to  incipient  boiling.  On  cooling,  the  solu¬ 
tion  is  neutralized  with  1  M  ammonia  solution,  and  2-3  ml  of  the  latter  added  in  excess;  excess  EDTA-Na  solution 
is  then  rapidly  titrated  with  0.01  M  zinc  chloride  solution  using  chromogen  black  ET-00.*  At  the  end  point  there 
is  a  distinct  color  change  from  blue  to  violet.  A  control  test  should  be  carried  out  during  aluminum  determination. 

For  this  purpose  5  ml  of  sulfuric  acid  is  added  to  1.5-2  ml  of  chromic  acid,  sexivalent  chromium  is  reduced  and  water 
is  added  to  bring  the  volume  to  200  ml.  Fifty  ml  of  the  solution  obtained  is  introduced  into  the  electrolytic  cell  to 
remove  the  chromium,  and  the  solution  then  taken  through  all  the  stages  described  above. 


Fig.  2.  Electrolytic  cell. 


SUM  MA  RY 

A  method  has  been  developed  for  the  determination  of  carbon,  silicon,  and  aluminum  in  polymeric  organo- 
aluminosiloxanes  using  one  aliquot,  in  which  the  test  material  is  oxidized  with  a  mixture  of  chromic  and  sulfuric 
acids  at  150°  in  an  oxygen  stream.  Additional  complete  combustion  of  possible  incomplete  combustion  products 
is  carried  out  over  chromic  oxide  heated  to  700-750°.  Carbon  is  determined  gravimetrically;  silicon  is  determined 
titrimetrically  after  conversion  of  the  silica  formed  into  sodium  fluosilicate;  aluminum  is  determined  complexo- 
metrically. 
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Increasing  attention  has  been  given  in  recent  years  to  the  chemistry  of  furane  compounds,  including  problems 
relating  to  catalytic  hydrogenation,  hydrogenolysis,  and  alkylation  of  oxygen-containing  heterocyclic  compounds. 

These  problems  cannot  be  solved,  however,  without  a  well  established  analytical  background.  Until  recently  no 
methods  have  been  published  on  the  determination  of  furane  compounds  containing  alkyl  radicals  in  the  side  chain. 

We  have  successfully  used  gas  liquid  chromatography  for  determination  of  furane,  tetrahydrofurane  and  their  homo¬ 
logs  [1]. 

In  the  work  described  here  an  attempt  was  made  to  use  infrared  spectroscopy  for  determination  of  furane  and 
tetrahydrofurane  compounds.  There  is  already  a  well  developed  technique  for  the  determination  of  methyl  and  methyl¬ 
ene  groups  on  the  basis  of  the  intensity  of  the  respective  absorption  bands  in  the  infrared,  in  the  case  of  alkanes  of 
normal  and  branched  structure  and  also  for  cyclanes  [2-5].  A  considerably  smaller  amount  of  work  has  been  devoted 
to  studies  of  the  structure  of  the  alkyl  radical  in  aromatic  and  unsaturated  compounds,  and  in  organic  acids  etc.  [6-8]. 

It  has  been  shown  in  these  papers  that  the  intensity  of  the  absorption  bands  of  CH2-  and  CH3-  groups  in  the  infrared 
spectrum  is  not  proportional  to  the  number  of  the  respective  groups,  and  that  methods  used  for  determination  of  al¬ 
kanes  should  be  develojjed  further  so  that  they  can  be  applied  for  determination  of  compounds  in  the  classes  indicated 
above. 

The  work  described  here  is  devoted  to  a  study  of  the  possibility  of  using  the  method  developed  for  alkenes  to 
the  determination  of  the  number  of  methyl  and  methylene  groups  in  the  alkyl  radicals  of  furane  and  tetrahydrofurane 
compounds. 

Taking  into  account  the  advantages  and  disadvantages  of  the  various  methods,  we  settled  on  Jones*  method  [4] 
which  permits  the  number  of  CH2-  and  CF^-  groups  to  be  determined  reasonably  accurately  and  most  rapidly  on  the 
basis  of  infrared  spectra. 

We  obtained  the  Infrared  absorption  spectrum  in  the  region  2800-3100  cm"^  for  each  representative  of  both  the 
furane  and  tetrahydrofurane  series  on  a  double  beam  UR-10  infrared  spectrophotometer.  The  compounds  were  ex¬ 
amined  in  CCI4  solution  at  a  concentration  of  0.1-0, 03 M  in  constant  path  length  cells.  The  path  lengths  were  1.05 
0.25  mp.  The  spectral  slit  width  was  2.5  cm~^.  At  this  slit  width  the  error  introduced  into  the  measurement  of  the 
value  of  peak  intensity  as  a  result  of  the  terminal  slit  width,  was  insignificant,  and  as  calculations  made  by  Ramsey's 
method  showed,  decreased  the  value  of  the  intensity  by  less  than  20^0.  At  the  concentrations  we  used  the  solutions 
conform  well  to  Beer's  law.  Calculations  were  made  using  the  formula: 

where  is  the  optical  density  at  maximum  absorption;  C  is  the  concentration  of  the  test  material,  M;  d  is  the 

path  length,  cm;  I  is  the  intensity,  which  is  proportional  to  the  absorption  coefficient.  For  analytical  purposes  we 
used  the  absorption  bands  of  the  asymetrical  vibration  of  the  CH2-  groups  and  the  double  degenerated  vibrations  of 
the  CH3-  groups.  The  relation  of  the  bands  in  the  infrared  sjjectra  was  established  according  to  the  data  in  the  paper 
by  Shappard  and  Simpson  [9],  which  has  been  confirmed  in  subsequent  articles  [2-4,  10,  11].  Since  the  absorption 
bands  of  CH2-  and  CH3-  groups  partially  overlap,  in  a  small  number  of  cases  the  complex  contour  of  the  absorption 
bands  was  resolved  into  its  components;  this  was  made  considerably  easier  by  the  fact  that  the  absorption  bands  had 
a  contour  which  was  symmetrical  and  comparatively  well  described  by  dispersion  formulas. 
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Table  1  contains  the  absorption  band  frequencies  of  the  antisymmetric  vibration  of  the  CHj -group  and  the 
twice  degenerated  vibration  of  the  CHs-group  for  standard  compounds  of  the  furane  and  tetrahydrofurane  series.  All 
the  compounds  used  as  standards  were  carefully  purified  by  distillation  in  a  high  efficiency  fractional  distillation 
column.  The  purity  of  the  preparations  were  checked  by  gas  liquid  chromatography.  Their  constants  ate  given  In 
Table  2.  The  position  of  the  absorption  bands  of  the  methyl  and  methylene  groups  for  all  the  compounds,  apart  from 
a-methylfurane  and  a -ethylfurane,  corresponds  to  collected  published  data  2962  ±  10  cm"*  and  2926  t  10  cm"*  [12], 


TABLE  1.  Position  of  the  Absorption  Bands  of  the  Antisymmetric  Vibration  of  the  Methylene 
Group  and  of  the  Twice  Degenerated  Vibration  of  the  Methyl  Group 


Compound 

Absorption  band 
frequency,  cm"* 

Compound 

Absorption  band 
frequency,  cm”* 

a -Methylfurane 

2956 

2926 

a  -n-Propyltetrahydro- 

2964 

2934 

a  -Ethylfurane 

2985 

2940 

furane 

a  -Isobutyltetrahydro- 

2962 

2931 

a  -n-Propylfurane 
a-n-Butylfurane 

2964 

2961 

2935 

2933 

furane 

ot  -Propyl-  fl  -ethyltetra¬ 
hydrofurane 

2964 

2934 

a-n-Amylfurane 
a  -Methyltetrahydrofurane 

2960 

2974 

2932 

a  -Ethyl-a  ’-propyltetra- 
hydrofurane 

2965 

2934 

a  -Ethyltetrahydrofurane 

2967 

2937 

ot -M  ethyl  -  a '- propyl - 
tetrahydrofurane 

2966 

CH3 

2933 

CH3 

TABLE  2.  Physicochemical  Properties  of  Standard  Compounds 


Compound 

t'  b,  p.Vmm 

r^®D 

a  -Methylfurane 

63-64 

0.3188 

1.4340 

ot  -Ethylfurane 

92-93 

0.9020 

1.4415 

a-n-Propylfurane 

114-115 

0.8308 

1.4400 

ot  -n-Butylfurane 

137-138 

- 

1.4460 

ot-n-Amylfurane 

163-164 

- 

1.4472 

ot  -Methyltetrahydrofurane 

78-79 

0.8563 

J.4070 

ot  -Ethyltetrahydrofurane 

107-107 

0.8550 

1.4160 

ot  -n-Propyltetrahydrofurane 

132-133 

0.8562 

1.4226 

ot  -Isobutyltetrahydrofurane 

149-150 

0.8485 

1.4262 

ot  -Propyl-B  -ethyltetrahydrofurane 

68-70 [13] 

0.8558 

1.4380 

ot  -Methyl-  ot’-propyltetrahydrofurane 

144-145 [5] 

0.8507 

1.4240 

ot  -Ethyl-a  '-propyltetrahydrofurane 

90-92  [63] 

0.8516 

1.4295 

An  appreciable  shift  in  the  position  of  the  absorption  bands  was  only  observed  in  the  case  of  a -ethylfurane 
and  -methylfurane,  while  splitting  of  the  absorption  band  into  its  components  was  also  a  characteristic  feature  of 
a-methylfurane.  These  effects  are  determined,  presumably,  by  strong  interaction  between  the  groups  near  to  the 
ring  and  the  furane  ring. 

The  intensity  of  the  absorption  bands  of  the  CH2-  and  Cl%-groups  in  the  standard  compounds  is  given  in  Table 
3;  the  information  is  taken  from  the  paper  by  West  et  al.  [13]. 

The  Intensity  of  the  CHj -groups  in  the  ring  is  excluded  from  the  total  intensity  of  the  absorption  bands  of  the 
methylene  group  in  the  case  of  compounds  of  the  tetrahydrofurane  series.  According  to  our  measurements  carried 
out  for  tetrahydrofurane,  =  110  units,  i.e.,  converted  to  one  CH2-group  27  units.  This  value  is  significantly 

lower  than  that  for  cyclanes;  e.g.,  according  to  published  results  [2]  the  intensity  of  the  absorption  band  of  the  CH2- 
groups  in  cyclohexane  is  89  units  calctilated  in  terms  of  one  group. 

The  intensity  of  the  absorption  bands  of  the  methyl  and  methylene  groups  is  additively  dependent  on  the  num¬ 
ber  of  the  respective  groups  both  for  the  furane  and  tetrahydrofurane  series  (Table  3). 
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TABLE  3.  Intensities  of  the  Absorption  Bands  of  Methyl  and  Methylene  Groups  in  Standard 
Compounds  (IcHs[CH2]  "  ^k;H8[CH2]^"'  f^e  number  of  CH3  or  CH2  groups;  AI 

is  the  difference  between  the  value  and  the  intensity,  relating  to  one  group  of  the  corres¬ 
ponding  band  in  alkanes) 


Compound 

^*CH3 

^CH, 

AI 

^^CH2 

^H2 

AI 

a-Methylfurane 

24.37 

61 

— 

— 

— 

— 

a  -Ethylfurane 

69 

69 

81 

36 

36 

39 

a-n-Propylfurane 

139 

139 

11 

87 

43 

32 

a-n-Butylfurane 

123 

123 

27 

111 

37 

38 

a  -n-Amylfurane 

142 

142 

8 

195 

49 

26 

a  -Methyltetrahydrofurane 

90 

90 

60 

- 

- 

- 

a  -Ethyltetrahydrofurane 

120 

120 

30 

46 

46 

29 

a  -n- Propyl  tetrahydrofurane 

150 

150 

0 

142 

71 

4 

a  -Isobutyltetrahydrofurane 

223 

112 

- 

54 

54 

21 

oL  -Propyl-B  -ethyltetrahydrofurane 

290 

145 

- 

170 

63 

- 

a  -Ethyl -a  ’-propyltetrahydrofurane 

249 

124 

- 

no 

56 

- 

a  -Methyl-a  '-propyltetrahydrofurane 

234 

117 

- 

140 

70 

- 

n-Alkanes  according  to  [12] 

— 

150 

0 

— 

75 

0 

An  appreciable  drop  in  intensity,  as  compared  with  alkanes,  is  only  ob¬ 
served  in  the  first  groups  nearest  to  the  furane  ring.  The  effect  of  the  tetra- 
hydrofurane  ring  is  significantly  weaker. 

With  further  increases  in  the  chain  of  the  alkyl  radical  the  intensity  of 
the  absorption  bands  of  the  CH2“  and  Cl^-groups  approximates  to  the  intensity 
of  the  corresponding  groups  in  n-alkanes. 

Figure  1  shows  the  relation  between  the  total  intensity  of  the  absorp¬ 
tion  bands  of  the  CH2 -groups  in  a  series  of  furane  compounds  and  their  num¬ 
ber  (curve  1),  and  the  increases  in  the  intensity  of  the  absorption  band  of  the 
CH3-group  as  its  distance  from  the  ring  increases  for  the  same  compounds  (curve 
2).  The  deviation  from  the  corresponding  curves  observed  in  some  cases  can, 
presumably,  be  explained  by  the  inaccuracy  in  resolution  of  the  bands.  It  should 
be  pointed  out  that  in  the  case  of  the  tetrahydrofurane  series,  the  effect  of  the 
ring  on  the  substituent  in  the  B -position  is  hardly  observable  even  for  groups 
near  the  ring.  Thus  in  the  case  of  short  alkyl  radical  having  one  or  two  carbon 
atoms,  it  is  possible  to  distinguish  the  position  of  the  alkyl  radicals  in  the  tetra¬ 
hydrofurane  ring. 

We  used  the  results  obtained  during  studies  of  standard  compounds  for  de¬ 
termining  a  number  of  materials  obtained  during  the  alkylation  of  furane  and 
tetrahydrofurane.  Thus,  in  particular,  we  established  the  structure  of  products 
later  identified  as  a-methyl-a',-ethylfurane,  triethyltetrahydrofurane,  and  iso- 
butyltetrahydrofurane.  The  results  are  given  in  Table  4.  This  table  includes 
the  intensity  of  the  absorption  bands  of  the  CH2-  and  CH3-groups  ( IIcH2* 

IIqh  )•  number  of  methyl  and  methylene  groups  found  and 
and  t^e  error  in  determining  the  number  of  groups  A^. 

Since  the  spectrum  of  a  -methyl-ot*-ethylfurane  exhibits  a  characteristic 
splitting  of  the  absorption  bands  of  the  methyl  group,  and  a  shift  in  the  band  of 
the  CH2 -group  (see  Fig.  2)  it  was  possible  to  establish  the  type  of  substitution 
for  this  compound. 
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Results  obtained  by  infrared  spectroscopy  were  confirmed  by  other  physicochemical  methods.  Thus  by  intro¬ 
ducing  the  necessary  correction,  and  increasing  the  intensity  of  the  band  to  a  value  found  during  studies  of  standard 
samples,  thereby  taking  into  account  the  drop  in  intensity  for  the  groups  nearest  to  the  ring,  methods  which  have 
been  developed  for  the  alkanes  can  be  successfully  applied  to  the  determination  of  the  number  of  CHj-  and  CHs- 
groups  in  furane  and  tetrahydrofurane  compounds. 


TABLE  4.  Analytical  Results  for  Some  Products  Obtained  during  the  Alkylation  of  Fu 
rane  and  Tetrahydrofurane 


Compound 

1 

-'uu  1 

"ai. 

1  "ni. 

'"CH, 

-''’CH, 

a  -Methyl-a  ’-ethylfuranc 

(  .Mi-CH, 

:i:.4 

2?.:^ 

:vi 

1  i,r. 

1  1  1 

0,9 

0,5 

•M 

0,3 

0 

0,1 

Triethyltetrahydrofurane 

Isobutylt2trahydrofurane 

Tm 

2.7 

2.0 

3.2 

1.0 

0,2 

0 

Notes:  1)  The  band  of  the  CH3 -group  splits  into  its  components,  2)  The  intensity  which 
is  determined  by  the  methylene  groups  in  the  tetrahydrofurane  ring  is  excluded  from  the 
total  intensity  of  the  CH2-groups. 


SUMM  A  RY 

It  has  been  shown  that  it  is  possible  to  use  the  methods  for  determining  alkanes  for  the  determination  of  the 
number  of  methyl  and  methylene  groups  in  the  alkyl  radicals  in  compounds  of  the  furane  and  tetrahydrofurane  series. 

The  additive  character  of  the  relation  between  the  intensity  of  the  absorption  bands  of  CHj-  and  CHj -groups 
in  tlie  infrared  spectrum  and  the  number  of  the  corresponding  groups  has  been  demonstrated. 

The  relation  between  the  position  and  intensity  of  the  absorption  bands  of  CH2-  and  CHs-groups  and  the  posi¬ 
tion  of  these  groups  with  respect  to  the  furane  and  tetrahydrofurane  ring  has  been  examined. 

LITERATURE  CITED 

1.  N.  I.  Shuikin  and  B.  L.  Lebedev,  Zavodsk.  laboratoriya  7^,  976  (1961). 

2.  Yu.  P.  Egorov,  V.  A.  Shlyapochnikov,  and  A.  D.  Petrov.  Zh.  analit.  khimii  14,  617  (1959). 

3.  Yu.  P.  Egorov  and  A.  D.  Petrov,  Zh.  analit.  khimii  11,  483  (1956). 

4.  R.  M.  Jones,  Spectrochim.  Acta  9,  235  (1957). 

5.  S,  A.  Francis,  J.  Chem.  Phys.  1^,  861  (1950). 

6.  S.  H.  Hastings,  Anal.  Chem,  612  (1952). 

7.  S.  A.  Francis,  J.  Chem.  Phys.  1^,  942  (1951). 

8.  N.  I.  Shuikin,  V.  A.  Shlyapochnikov,  N.  A.  Pozdnyak,  and  B.  L.  Lebedev,  Izv.  AN  SSSR,  OKhN  No.  3,  468  (1961). 

9.  W.  Shappard  and  M.  Simpson,  Quart  Reviews  7,  19  (1953). 

10.  Yu.  P.  Egorov  and  P.  A.  Bazhulin,  Dokl.  Akad.  Nauk  SSSR^,  647  (1953). 

11.  Yu.  P.  Egorov,  Izv.  AN  SSSR,  ser,  fiz.  1^,  702  (1954). 

12.  L.  Bellamy,  Infrared  Spectra  of  Molecules  [Russian  translation]  (IL,  Moscow,  1957)  p.  16. 

13.  V.  West,  A.  Duncan,  V.  Gordi,  N.  Jones,  K.  Sandorf,  and  F.  Matsen,  Applications  of  Spectroscopy  in  Chemistry 
[Russian  translation]  (IL,  Moscow,  1959)  p.  275. 


All  abbreviations  of  periodicals  in  the  above  bibliography  are  letter>by-letter  transliter¬ 
ations  of  the  abbreviations  as  given  in  the  original  Russian  journal.  Some  or  all  of  this  peri¬ 
odical  literature  may  well  be  available  in  English  translation.  A  complete  list  of  the  cover- to- 
cover  English  translations  appears  at  the  back  of  this  issue. 
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A  number  of  methods  are  known  at  present  for  the  quantitative  determination  of  aliphatic  acid  hydrazides  [1-4]. 
We  have  extended  an  analytical  method  for  the  determination  of  acid  hydrazides  by  potentiometric  titration  with  sod¬ 
ium  nitrite  which  was  suggested  earlier  for  aromatic  acid  hydrazides  [5]  to  cover  the  hydrazides  of  aliphatic  acids. 
The  basis  of  this  method  is  the  fact  that  aliphatic  hydrazides  also  react  readily  with  nitrous  acid  in  a  hydrochloric 
acid  medium  according  to  the  equation: 

RCONHNH,  +  HNO, - ►  RC0N3+2H,0 

Aliphatic  hydrazides,  in  contrast  to  aromatic  hydrazides,  quantitatively  react  with  nitrous  acid  only  at  a  strictly  de¬ 
fined  acidity.  This  is  explained  by  the  fact  that  in  the  presence  of  a  large  excess  of  aqueous  solutions  of  mineral 
acids  aliphatic  hydrazides  hydrolyze  to  hydrazine  and  the  corresponding  acid  according  to  the  scheme  [1]: 

HOH 

RCONHNH, — ►  RC00H-|-N,H4 

Since  a  molecule  of  hydrazine  interacts  with  two  molecules  of  nitrous  acid  according  to  the  equation  [6]: 

N,H4-f  2HNOa  -»  N,+H,N,0,+2H,0 
HjNoO,-  N,0-fH,0 


high  results  ate  obtained  for  such  hydrazides. 

As  the  reactivity  of  the  hydrazides  decreases  the  accuracy  with  which  they  can  be  determined  decreases.  Thus 
the  hydrazides  of  formic  and  methoxyacetic  acid  were  determined  with  an  enor  of  up  to  lO'Vo.  On  the  other  hand, 
the  introduction  of  a  phenyl  ring  into  the  a  -position  of  aliphatic  hydrazides  renders  such  compounds  less  sensitive 
to  the  effect  of  mineral  acids.  Like  the  hydrazides  of  aryl  carboxylic  acids  they  are  readily  determined  over  a  wide 
acidity  range. 


EXPERIMENTAL 

The  hydrazides  of  acetic,  propionic,  butyric,  phenylacetic,  phenoxyacetic,  formic,  and  methoxyacetic  acids 
were  carefully  purified;  the  content  of  the  given  preparation  in  a  test  sample  was  about  lOO'^o. 

The  experimental  technique  was  similar  to  that  described  previously  [7-9].  All  experiments  were  carried  out 
at  room  temperature.  A  0.01  N  sodium  nitrite  solution  was  used  as  the  titrant,  it  was  standardized  potentlometrically 
against  sulfanilic  acid  [7].  0.05  M  solutions  of  the  hydrazides  were  prepared  by  dissolving  accurately  weighed  ali¬ 

quots  in  benzene.  Hydrochloric  acid  and  KBr  were  added  to  10  ml  of  the  hydrazide  solution,  titration  was  then  carried 
out  from  a  10  ml  microburet  with  0.02  ml  scale  divisions,  the  drawn  out  tip  of  this  buret  being  immersed  in  the  solu¬ 
tion  being  titrated.  At  the  beginning  of  titration  the  potential  was  established  almost  Instantaneously;  near  the  end  point 
the  potential  was  established  after  50-10  min.  Addition  of  KBr  Improves  the  inflection  in  the  potential. 

The  effect  of  hydrochloric  acid  concentration  on  the  accuracy  of  determination  of  alkyl  hydrazides  is  evident 
from  the  results  given  in  Table  1.  The  best  results  are  obtained  in  a  medium  of  0.03-0.05  M  HCl.  Results  of  the 
determination  of  aliphatic  acid  hydrazides  are  given  in  Table  2. 
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The  mean  result  of  not  less  than  five  determinations  is  given  in  the  last  column.  Statistical  treatment  of  the 
results  [10]  shows  that  the  experimental  accuracy  is  not  less  than  1%.  The  total  nitrogen  content  of  all  the  test  hy- 


drazides  as  determined  by  the  Dumas  method  confirmed 


TABLE  1.  Effect  of  Hydrochloric  Acid 
Concentration  on  the  Results  of  Titrat¬ 
ing  Acetyl  Hydrazide  withSodium  Nitrite 


^HCl’  ^ 

Found, 

% 

Chci.m 

Found, 

% 

0,01 

106,0 

0,30 

106,2 

0,02 

104,9 

0,60 

110,6 

0,03 

100,2 

1,25 

130,1 

0,05 

100,8 

2,50 

151,8 

0,10 

102,8 

5,00 

193,0 

0,15 

106,2 

The  method  can  also  be  carried  out  by  a  macro 
creased. 


correctness  of  the  results  of  the  titrimetric  method. 


TABLE  2.  Determination  of  Some  Hy 
drazides 


Acid  hydrazides 

Sample 
wt.,  mg 

Found, 

% 

Acetic 

3,70 

100,2 

Propionic 

4,40 

99,7 

Butyric 

5,11 

100,4 

Phenylacetlc 

7,51 

100,3 

Phenoxyacetic 

8,31 

100,4 

,  the  amounts  of  the  reagents  being  appropriately  in- 


EX  PERIMENTAL 

An  aliquot  of  hydrazide  (0.01-0.05  mM)  is  dissolved  in  5-10  ml  of  benzene  in  a  50-100  ml  beaker;  10  pil  of 
0.05  N  hydrochloric  acid  and  0.1-0.2  g  potassium  bromide  are  added,  and  a  platinum  electrode  (a  quinhydrone  or 
saturated  calomel  electrode  is  used  as  the  auxiliary  electrode)  immersed  in  the  solution. 

While  the  solution  is  vigorously  stirred  with  a  mechanical  stirrer  0.01  N  sodium  nitrite  solution  is  added  in 
definite  portions  from  a  microburet  (the  tip  of  which  is  immersed  in  the  liquid).  The  end  point  is  established  on 
the  basis  of  the  maximum  AE/AV. 


SUM  MA  RY 

A  method  has  been  developed  for  the  quantitative  determination  of  aliphatic  acid  hydrazides  by  potentiometric 
titration  with  sodium  nitrite.  It  has  been  shown  that  aliphatic  hydrazides  are  readily  determined  (with  an  error  of  up 
to  \%)  in  a  medium  of  0.03-0.05  M  HCl. 
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Several  methods  are  known  for  the  photometric  determination  of  proline.  The  most  widely  used  of  these  meth¬ 
ods  is  that  of  Guest  [1].  Nevertheless,  apart  from  the  difficulties  involved,  current  methods  give  inaccurate  results. 
Accordingly,  we  set  ourselves  the  problem  of  developing  an  improved  photometric  method  of  determining  proline. 

The  method  developed  is  based  on  the  fact  that  the  reaction  product  of  proline  with  ninhydrin  is  readily  ex¬ 
tracted  with  isobutanol  to  give  a  bright-red  colored  solution. 

The  following  procedure  is  adopted  for  determination  of  prollne  in  protein  hydrolyzates;  1  ml  of  test  protein 
is  hydrolyzed  in  a  boiling  water  bath  for  15  hr  with  an  equal  volumeof  4  N  hydrochloric  acid.  The  hydrolyzate  is 
then  evaporated  to  dryness  to  remove  most  of  the  hydrochloric  acid.  Four  ml  of  trichloroacetic  acid  and  1  ml 
of  lO'yo  phosphomolybdic  acid  solution  are  added  to  the  dry  residue.  The  trichloroacetic  acid  and  phosphomolybdic 
acid  are  added  to  remove  unhydrolyzed  protein  and  peptones.  The  residue  Is  filtered  off.  To  0.5  ml  of  the  filtrate 
is  added  0.5  ml  of  a  2<7o  aqueous  solution  of  ninhydrin.  The  mixture  is  placed  for  10  min  in  a  boiling  water  bath 
and  50  ml  of  water  are  then  added. 

When  hydrochloric  acid  is  present  at  a  concentration  higher  than  0.1  N  a  violet  color  does  not  appear  on  boil¬ 
ing  the  protein  hydrolyzate  with  ninhydrin.  But  on  dropping  the  concentration  only  a  little  further  to  0.062  N  the 
color  with  ninhydrin  develops  completely;  accordingly,  a  one  stage  evaporation  of  hydrochloric  acid  from  the  hydro¬ 
lyzate  is  sufficient  for  realizing  the  color  reaction.  However,  when  the  hydrolyzates  contain  traces  of  hydrochloric 
acid,  the  isobutanol  extract  has  a  violet  not  a  red  color.  A  relatively  large  amount  of  water  —  50  ml  —  is  added  to 
the  hydrolyzate  to  destroy  tlie  violet  tinge,  and  when  this  is  done  the  isobutanol  acquires  a  red  color. 

After  adding  water  to  the  colored  solution,  10  ml  of  isobutanol  is  added  and  the  whole  carefully  shaken  for 
3  min.  After  the  layers  have  separated,  the  upper,  alcoholic  layer  has  a  bright  rose  color. 

The  result  obtained  Is  multiplied  by  0.5  during  calculation  of  the  proline  content  of  the  protein  hydrolyzates. 

Experiment  showed  that  the  best  results  are  obtained  on  working  with  hydrolyzates  containing  80-2000  mg'^ 
of  proline.  The  limiting  sensitivity  of  the  reaction  is  15  mg <70  proline. 

In  model  experiments  with  amino  acids  dissolved  in  mixtures  of  trichloroacetic  acid  and  phosphomolybdic 
acid,  it  was  found  that  the  color  of  the  isobutanol  layer  is  specific  for  proline  and  is  not  observed  in  the  case  of  solu¬ 
tions  of  other  amino  acids:  histidine,  lysine,  tyrosine,  tryptophane,  phenylalanine,  cystine,  cysteine,  serine,  leucine, 
alanine,  glycine,  norleuclne,  glutamic  and  aspartic  acids,  and  also  urea. 

The  error  does  not  exceed  ±  4*70  in  parallel  determinations  of  various  amounts  of  proline  in  pure  solutions.  On 
adding  proline  to  protein  hydrolyzates  the  error  rises  to  t  The  method  gives  more  accurate  results  than  Guest’s 

method  (the  error  in  the  latter  amounts  to  ±  19‘yo).  During  precipitation  of  native  protein  with  phosphomolybdic  acid 
the  precipitate  entrains  some  of  the  phosphomolybdate  from  solution.  Nevertheless,  varying  final  concentrations  of 
phosphomolybdic  acid  (from  1  to  2.5^0)  do  not  affect  the  color  sensitivity. 

Formaldehyde  (at  a  final  concentration  of  l-10'7o),  sulfosalicyllc  and  trichloroacetic  acids  (at  a  final  concen¬ 
tration  of  0.6-0.9^70),  and  ethanol  and  acetone  at  concentrations  up  to  6*70  do  not  interfere  with  proline  determination. 

The  red  colored  solutions  do  not  conform  to  Beer's  law  so  that  a  calibration  curve  must  be  used. 

The  optical  density  should  be  measured  with  a  light  filter  having  maximum  transmission  at  533  mp  for  photo¬ 
metric  determination  of  proline. 
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Boiling  proline  with  18<^  hydrochloric  acid  for  12  hr  does  not  lower  the  intensity  of  the  color  subsequently  ob¬ 
tained.  Accordingly,  hydrolysis  does  not  destroy  proline.  Alkaline  hydrolysis  of  protein  leads  to  partial  destruction 
of  proline.  On  boiling  proline  solutions  with  0.5  N  sodium  hydroxide  for  12  hr  the  proline  content  decreases  by  32<^. 

Proline  could  not  be  detected  in  nonhydrolyzed  lO^/o  solutions  of  casein,  gelatin,  and  crystalline  ovoalbumen. 
Only  traces  of  proline  could  be  detected  in  the  same  proteins  after  they  had  been  subjected  to  the  action  of  1*^  pepsin 
for  2  hr  at  24*  in  the  presence  of  l^o  hydrochloric  acid. 


TABLE  1.  Proline  Content  of  Protein  Hydrolyzates  as  a  Per¬ 
centage  of  Total  Resin  taken  as  100<yo 


Protein 

Proline  content,  <70 

found 

published  data 

Ovoalbumen 

5.1 

4-5  [2,  p.  368] 

Casein 

7.5 

8,  2r2.  p.  371] 

Gelatin 

20.5 

- 

Serum  protein 

8.0 

— 

TABLE  2.  Determination  of  Proline  in  Aqueous  Solutions 


Proline  concen¬ 
tration,  mg 

Proline  found,  mg 

without  hydro¬ 
chloric  acid 

in  the  presence  of 
0.062  N  hydro¬ 
chloric  acid 

5 

5.3 

10.6 

4 

4.0 

8.0 

3 

2.9 

5.8 

2 

2.1 

4.2 

1 

0.9 

1.8 

Proteins  and  peptides  containing  proline  do  not  give  a  color  reaction  for  this  amino  acid  before  hydrolysis. 
Results  of  the  determination  of  proline  in  acid  hydrolyzates  of  10<yo  solutions  of  ovoalbumen,  casein,  gelatin,  and 
also  in  hydrolyzates  of  30  horse  antidipthcria  sera  are  given  in  Table  1. 

On  adding  5  mg  of  proline  to  1  ml  of  a  protein  solution  subjected  to  hydrolysis,  all  the  proline  was  determined; 

of  proline  was  found  in  ovoalbumen,  12A'1c  in  casein,  and  2b.b°Jo  in  gelatin. 

When  the  proteins  to  which  proline  was  added  were  not  subjected  to  hydrolysis,  determination  of  proline  was 
impossible  since  the  nonhydrolyzed  proteins  were  precipitated  with  phosphomolybdic  acid  and  entrained  large 
amounts  of  proline.  Thus,  when  the  final  concentration  of  casein  was  0.6‘yo,  it  entrained  of  the  proline,  while 
ovoalbumen  and  gelatin  at  the  same  concentrations  entrained  54^70  and  59'7<i,  respectively.  Complete  acid  hydrolysis 
of  protein  is  essential  for  quantitative  determination  of  proline. 

Table  2  contains  results  of  experiments  with  aqueous  solutions  of  proline  with  and  without  hydrochloric  acid; 
the  final  HCl  concentration  was  0.062  N. 

Table  2  shows  that  the  results  obtained  during  the  quantitative  determination  of  proline  in  pure  solutions  can 
be  regarded  as  reasonably  satisfactory.  The  results  obtained  in  the  presence  of  traces  of  hydrochloric  acid  are  twice 
those  obtained  in  its  absence.  This  fact  must  be  taken  into  account  when  calculating  the  proline  content  of  protein 
hydrolyzates. 

SUMM  A  RY 

The  proline  content  of  protein  hydrolyzates  can  be  determined  on  the  basis  of  the  intensity  of  the  red  colored 
extract  obtained  on  extracting  the  reaction  product  formed  between  proline  and  ninhydrin  with  isobutanol. 
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The  possibility  was  demonstrated  recently  [1]  of  effecting  a  rapid  and  efficient  separation  of  unweighable  amounts 
of  francium,  cesium,  and  rubidium  on  the  Russian  cation  exchange  resin  KU-1.  An  interesting  feature  of  this  separa¬ 
tion  was  the  use  of  hydrochloric  acid  at  a  concentration  of  5.5  M  as  eluant;  such  a  concentration  had,  up  to  that  time, 
never  been  used  in  the  practice  of  ion  exchange  chromatography  for  the  separation  of  the  alkali  metals.  The  hydro¬ 
chloric  acid  concentration  normally  used  for  separating  mixtures  of  these  elements  lies  within  the  limits  0.1-0. 3  M 
[2].  It  was  of  interest  therefore  to  examine  the  possibility  of  separating  weighable  amounts  of  rubidium  and  cesium 
on  this  cation  exchange  resin  using  hydrochloric  acid  of  varying  concentrations  for  this  purpose,  and,  in  addition,  to 
study  the  efficiency  of  separation  for  various  proportions  of  these  elements  in  their  mixtures. 

Only  a  few  papers  have  been  published  on  the  separation  of  weighable  amounts  of  the  heavy  alkali  metals  [3-6]; 
in  some  of  these  papers  the  methods  described  are  very  long  and  are  not  always  efficient.  There  is  no  published  in¬ 
formation  on  the  effect  of  the  proportions  of  rubidium  and  cesium  in  test  mixtures  on  separation  efficiency. 

The  method  of  studying  elution  of  cesium  and  rubidium  lab¬ 
elled  with  the  radioactive  isotopes  Cs^**  and  Pb®®  consisted  of  the  fol¬ 
lowing.  A  column  of  KU-1  cation  exchange  resin  in  the  H-form  (par¬ 
ticle  size  150-200  mesh)  the  column  having  a  diameter  of  1  cm  and 
a  length  of  36  cm  was  washed  with  a  solution  of  hydrochloric  acid  at 
the  test  concentration;  subsequently  0.1-0. 2  ml  of  an  acid  solution  of 
the  same  concentration  and  containing  a  mixture  of  cesium  and  rubi¬ 
dium  was  introduced  into  the  top  of  the  column.  In  order  to  promote 
formation  of  narrow  adsorption  zones  in  the  column  the  solution  was 
allowed  to  pass  as  slowly  as  possible  along  the  column,  the  latter  was 
then  eluted  with  acid  of  the  requisite  concentration  at  the  rate  of  0.3 
ml/min.  The  solution  issuing  from  the  column  and  having  a  volume 
of  1  ml  was  collected  in  a  test  tube  and  its  activity  measured  on  the 
basis  of  its  6-  and  y  -radiation  respectively  on  the  standard  TM-20 
counter  and  on  an  AMM-4  y  -counter.  We  decided  to  use  0.75  and 
5.5  M  solutions  of  hydrochloric  acid  as  test  eluants;  since  the  great¬ 
est  difference  in  the  partition  coefficients  for  Rb  and  Cs,  determined 
under  static  conditions  [11],  is  observed  at  these  acid  concentrations. 

Results  of  experiments  on  the  separation  of  80  mg  cesium  and 
70  mg  rubidium  by  means  of  these  solutions  are  given  in  Fig.  1,  a,  b. 
It  follows  from  this  figure  that  the  use  of  5.5  M  hydrochloric  acid  as 
eluant  does  not  even  lead  to  partial  separation  of  cesium  and  rubidium.  Nevertheless,  by  washing  the  column  with 
0.75  M  hydrochloric  acid  we  were  able  to  separate  these  large  amounts  of  rubidium  and  cesium  in  about  15  hr.  This 
time  can  be  reduced  by  passing  through  the  column,  after  the  rubidium  has  been  eluted  with  0.75  M  hydrochloric  acid, 
an  acid  solution  with  a  concentration  of  about  6  M  which  appreciably  accelerates  the  displacement  of  the  zones  of 
the  elements  (Fig.  2). 


Fig.  1.  Elution  curves  of  weighable  and  trace 
amounts  of  Cs  and  Rb  on  KU-1  cation  exchange 
resin  using  HCl  solutions  of  varying  acidity. 
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In  order  to  establish  the  effect  of  the  ratios  of  weighable  amounts  of  the  components  on  the  extent  to  which 
they  are  separated,  acid  solutions  of  the  concentrations  indicated  above  were  used.  Results  of  these  experiments  are 
given  in  Figs.  1  a,  b,  and  2;  it  follows  from  these  that  separation  of  both  small  amounts  of  one  element  from  pre¬ 
dominant  amounts  of  the  other  for  rubidium  to  cesium  ratios  of 
1;  80  and  70;  1,  as  well  as  separation  of  mixtures  containing  150 
mg  of  these  elements  at  a  ratio  of  about  1:1,  is  quantitative. This 
method  therefore  permits  separation  of  cesium  and  rubidium  in 
almost  any  proportion. 

The  fact  that  weighable  amounts  of  these  elements  are  not 
separated  when  they  are  eluted  with  high  concentrations  of  hydro¬ 
chloric  acid,  while  such  a  separation  is  effected  on  eluting  with 
0.7  M  acid  solution  can  be  explained  by  the  sharp  decrease  in  the 
frequency  of  the  elementary  acts  of  sorption  and  desorption  as  a 
consequence  of  the  rapid  displacement  of  the  zones  of  the  elements. 
Nevertheless,  the  possibility  of  separating  ultrasmall  amounts  of 
cesium  and  rubidium  on  small  columns  (10  x  0.3  cm)  by  means 
of  5.5  M  hydrochloric  acid  (Fig.  Ic)  allows  one  to  assume  that  in 
addition  to  the  factor  mentioned  above,  the  kinetics  of  the  proc¬ 
ess  also  affect  the  efficiency  of  separation.  It  is  known  [2,  7]  that 
the  exchange  rate  is  determined  by  external  diffusion  in  the  case  of  low  concentrations,  while  at  high  concentrations 
this  rate  is  determined  by  internal  diffusion.  It  is  obvious  that  the  exchange  rate  for  external  diffusion,  which  is  in 
certain  respects  identical  with  the  rate  of  chemical  reaction  in  solution,  is  higher  than  in  the  case  of  internal  diffu¬ 
sion  [8,  9].  According  to  theoretical  considerations,  in  ion  exchange  chromatography,  the  increase  in  the  exchange 
rate  of  the  ions  determines  the  smaller  diffuseness  of  the  zones  of  the  elements,  i.e.,  it  determines  the  higher  effici¬ 
ency  of  separation. 

In  conclusion,  we  should  like  to  point  out  that  it  would  be  interesting  both  from  a  theoretical  and  practical 
point  of  view  to  study  the  efficiency  of  the  separation  of  rubidium  and  cesium  in  the  intermediate  region  between 
microconcentrations  and  weighable  amounts  on  eluting  with  HCl  of  high  concentration. 


Fig.  2.  Elution  curves  of  Cs  and  Rb  for  vari¬ 
ous  ratios  of  these  elements  in  their  mixtures. 


The  author  wishes  to  thank  S.  S.  Rodin  for  his  help  in  the  work. 


SUMM  A  RY 

A  study  has  been  made  of  the  possibility  of  separating  weighable  amounts  of  Rb  and  Cs,  when  present  in  various 
ratios,  on  a  KU-1  cation  exchange  resin  on  eluting  them  with  HCl  of  varying  concentrations.  It  has  been  shown  that 
when  elution  is  carried  out  with  0.75  M  HCl,  the  elements  can  be  effectively  separated  at  the  following  ratios  1;  1, 

1;  80,  and  70: 1.  When  5.5  M  HCl  is  used  for  elution,  separation  of  weighable  amounts  is  not  observed,  though  micro 
amounts  of  these  elements  can  be  separated  with  acid  of  this  concentration.  Some  theoretical  considerations  are  ad¬ 
vanced  to  explain  these  phenomena. 
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Pribil  [1]  as  well  as  Smirnov-Averin,  Krot,  and  Sokolov  [2]  have  removed  sodium  ethylenediaminetetracetate 
(EDTA-Na)  from  solution  by  oxidizing  it.  Pribil  oxidized  EDTA-Na  by  boiling  it  for  a  long  time  in  a  hydrochloric 
acid  medium  with  potassium  chlorate.  Smirnov-Averin  et  al.,  recommend  the  use  of  a  twofold  excess  of  potassium 
persulfate  for  oxidizing  EDTA-Na;  the  solution  should  be  boiled  for  10-15  min.  A  drawback  of  this  method  of  de¬ 
stroying  EDTA-Na,  however,  is  the  formation  of  appreciable  amounts  of  sulfate  ions  in  solution,  an  undesireable  fea¬ 
ture  sometimes.  In  such  cases  it  is  more  convenient  to  destroy  EDTA-Na  by  oxidizing  it  with  hydrogen  peroxide.  It 
has  been  established  [3]  that  excess  of  concentrated  hydrogen  peroxide  oxidizes  ethylenediaminetetracetic  acid  (EDTA) 
both  in  acid  and  in  alkali  media;  on  boiling,  oxidation  of  EDTA  is  quantitative  In  3-5  min.  In  the  cold  only  about 
20%  is  oxidized  in  the  course  of  18-20  hr. 

Results  of  oxidizing  EDTA-Na  with  excess  hydrogen  peroxide  in  alkali  and  acid  media  at  different  tempera¬ 
tures  are  given  in  the  table. 


Oxidation  of  EDTA-Na  with  Hydrogen  Peroxide  (ten  ml  of  30%  H2O2  was  added 
in  each  case,  the  final  volume  of  the  solution  with  100  ml) 


Amount  of 

EDTA-Na 
taken, g 

Oxidizing  conditions 

EDTA-Na 

found, 

g 

Percentage 

EDTA-Na 

oxidized 

0.0360 

HCl  medium,  pH  <  1;  titrated  imme¬ 
diately  with  MgCl2  solution 

0.0354 

1.6 

0.5860 

HCl  medium,  pH  1;  the  solution  was 
allowed  to  stand  for  20-22  hr  at  room 
temperature 

0.440 

24 

0.3830 

Alkali  medium,  pH  >  10;  the  solution 
was  allowed  to  stand  for  20-22  hr  at 
room  temperature 

0.292 

21 

0.4670 

HCl  medium,  pH  <  1;  the  solution  was 
boiled  for  3-5  min 

0 

100 

0.5990 

Alkali  medium,  pH  >  10;  the  solution 
was  boiled  for  3-5  min 

0 

100 

Experiment  showed  that  in  order  to  achieve  complete  oxidation  of  EDTA-Na  not  less  than  a  tenfold  excess  of 
hydrogen  peroxide  must  be  added  (with  respect  to  the  EDTA-Na). 

Destruction  of  EDTA-Na  with  hydrogen  peroxide  can  be  used  with  success  for  separating  many  elements  (Fe^^^, 
Th,  La,  etc.)  in  the  form  of  their  hydroxides  from  solutions  containing  the  complexon. 

The  compounds  formed  during  the  oxidation  of  EDTA-Na  hardly  complex  Th,  Fe^^^,  and  La  at  all  and  do  not 
interfere  with  the  quantitative  precipitation  of  their  hydroxides.  A  known  amount  (20-25  mg)  of  Th,  Fe^^,  or  La 
in  the  form  of  their  salts  was  placed  in  a  beaker,  excess  EDTA-Na  was  added  (70-200  mg)  and  the  solution  diluted 
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with  water  to  20  ml;  the  final  solution  was  neutralized  with  alkali  to  pH  10-11,  1-2  ml  of  30<^  HjOj  was  added  and 
the  whole  boiled  for  3-5  min.  The  solution  was  cooled,  the  precipitate  of  hydroxides  was  filtered  off,  washed,  dis¬ 
solved  in  acid  and  the  amount  of  Th,  FeUI,  or  La  determined  quantitatively  by  titration  with  EDTA-Na  solution  ac¬ 
cording  to  published  methods  [4],  In  all  cases  quantitative  separation  of  the  elements  as  their  hydroxides  was  ob¬ 
served. 

Presumably,  oxidation  with  hydrogen  peroxide  could  also  be  used  for  destroying  EDTA-Na  during  the  separa¬ 
tion  of  many  other  metals  as  their  hydroxides. 

SUMMARY 

Hydrogen  peroxide  completely  oxidizes  sodium  ethylenediaminetetracetate  on  boiling  for  3-5  min  in  both  al¬ 
kali  and  acid  media.  Thorium  complexonates  are  broken  down  under  these  conditions;  this  technique  can  be  used 
when  such  elements  are  separated  as  their  hydroxides. 

LITERATURE  CITED 

1.  R.  Pribil  and  Y.  Kucharsky,  Collection  Czechoslov.  Chem.  Commun.  1^,  132  (1950). 

2.  A.  P.  Smirnov-Averin,  N.  N.  Krot,  and  A.  B.  Sokolov,  Zh.  analit.  khimii  1^,  280  (1958). 

3.  P.  N.  Palei  and  N.  I.  Udal’tsova,  Zh.  analit.  khimii  1^,  668  (1960). 

4.  Complexometry  [in  Russian]  (Goskhimizdat,  Moscow,  1958). 


All  abbreviations  of  periodicals  in  the  above  bibliography  are  letter-by-letter  transliter¬ 
ations  of  the  abbreviations  as  given  in  the  original  Russian  journal.  Some  or  al!  of  this  peri¬ 
odical  literature  may  well  be  available  in  English  translation.  A  complete  list  of  the  cover- to- 
cover  English  translations  appears  at  the  back  of  this  issue. 


ANALYSIS  OF  REFRACTORY  ALLOYS  CONTAINING 
ZIRCONIUM  (TITANIUM)  AND  TUNGSTEN 

O.  I.  Popova  and  V.  I.  Kornilova 

Institute  of  Metalloceramics  and  Special  Alloys,  Academy  of  Sciences  Ukr.  SSR,  Kiev 
Translated  from  Zhurnal  Analiticheskoi  Khimii,  Vol.  16,  No.  5,  pp.  651-652, 
September-October,  1961 
Original  article  submitted  December  13,  1960 


Published  methods  for  separating  tungsten  from  zirconium  or  titanium  [1,  2],  e.g.,  fusion  with  sodium  carbo¬ 
nate  and  subsequent  leaching  of  the  melt  with  water  or  10‘7o  sodium  hydroxide,  do  not  give  good  results  when  the 
contents  of  the  components  are  high,  even  after  a  double  reprecipitation. 

The  aim  of  the  work  described  here  was  to  develope  a  method  for  separating  and  determining  the  elements  in 
TiB2“WC  and  ZrB2— WC  alloys.  The  methods  which  we  studied  for  separating  tungsten  and  zirconium  were:  1)  sepa¬ 
ration  with  perchloric,  nitric,  and  sulfuric  acids;  2)  separation  with  cupferron.  Separation  with  acids  did  give  posi¬ 
tive  results. 

Separation  by  means  of  cupferron.  Tungsten  forms  complexes  with  organic  acids,  in  particular  with  oxalic 
acid,  which  dissociate  only  to  a  small  extent.  Titanium  and  zirconium  also  form  complexes  with  oxalic  acid,  but 
oxalic  acid  does  not  interfere  with  the  precipitation  of  zirconium  and  titanium  cupferronates  [3].  For  determining 

the  components  of  the  alloys  Ti(Zr)— W  we  thought  it  would 
be  of  interest  to  extract  zirconium  and  titanium  cupferro¬ 
nates  [4-6].  We  made  use  of  differences  in  the  stability  of 
the  complexes  of  tungsten  and  zirconium  (titanium)  with 
oxalic  acid,  and  in  the  extractability  of  their  cupferronates, 
for  separating  these  metals. 

Initially,  we  made  a  study  of  the  solubility  of  zirco¬ 
nium  cupferronate  in  oxalic  acid  of  varying  concentrations, 
in  order  to  establish  the  minimum  amount  of  oxalic  acid 
required  to  complex  tungsten  in  the  presence  of  zirconium.  The  experiments  were  carried  out  as  follows.  Standard 
solutions  of  tungsten  and  zirconium*  were  poured  together,  and  varying  amounts  of  a  concentrated  oxalic  acid 
solution  added;  the  zirconium  was  then  precipitated  with  cupferron  (the  total  volume  of  the  solution  was  100  ml). 
Zirconium  cupferronate  was  filtered  off,  washed  with  water,  calcined,  and  weighed. 

It  follows  from  the  results  obtained  (Table  1)  that  zirconium  cupferronate  does  not  dissolve  in  the  presence  of 
0.5-1  g  of  oxalic  acid  (this  corresponds  to  5-10  ml  of  its  saturated  solution);  the  tungsten  is  readily  kept  in  solution. 
An  appreciable  excess  of  oxalic  acid  is  undesirable;  thus  when  2.25  g  (25  ml  of  saturated  solution)  of  oxalic  acid  is 
taken,  zirconium  cupferronate  also  partially  dissolves. 

Separation  of  tungsten  and  zirconium  (titanium)  by  extraction  of  the  cupferronates  was  checked  initially  on 
synthetic  mixtures.  These  experiments  were  carried  out  as  follows.  Standard  solutions  of  tungsten  and  zirconium 
or  titanium  were  introduced  into  a  150  ml  separating  funnel,  2  ml  of  concentrated  sulfuric  acid  and  5-10  ml  of 
saturated  oxalic  acid  solution  were  added  and  the  liquid  diluted  to  70  ml  with  water;  titanium  or  zirconium  were 
then  precipitated  with  a  aqueous  solution  of  cupferron  (7-10  ml).  The  cupferronate  was  extracted  2-3  times 
with  chloroform  (10,  5,  and  5  ml). 

After  separation,  tungsten  remains  in  solution  as  its  oxalate  complex;  zirconium  and  titanium  pass  into  the 
chloroform  layer. 

Tungsten  was  determined  in  the  aqueous  solution  by  precipitation  with  8-hydroxyquinoline  [2,  7].  The  solu¬ 
tion  was  neutralized  with  sodium  hydroxide  or  ammonia  to  a  neutral  end  point,  15  ml  of  2  M  sodium  acetate 
•  Solutions  were  prepared  from  powders  of  the  pure  metals.  The  solutions  were  standardized  gravimetrically. 


TABLE  1.  0.0831  g  Zr02  and  0.0881  g  WO3  Taken 


Oxalic  acid  taken,  g 

Zr02  found,  g 

0.45 

0.0831;  0.0829 

0.90 

0.0828;  0.0830 

1.35 

0.0830;  0.0836 

2.25 

0.0817;  0.0786 
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was  then  added  -  the  pH  of  the  solution  should  be  5  (test  with  universal  indicator  paper).  Tungsten  was  precipitated 
with  an  acetic  acid  solution  of  8-hydroxyquinoline,  the  solution  was  heated  to  coagulate  the  precipitate  which  was 
filtered  off  on  ashless  filter  paper  (white  band)  using  macerated  paper  (filter  aid).  The  precipitate  was  washed  5-6 
times  with  hot  water,  dried,  calcined,  and  weighed  as  WO3. 

Titanium  was  determined  in  the  chloroform  layer  as  follows.  Chloroform  was  removed  by  gentle  evaporation 
on  a  water  bath  or  distilled  off.  The  cupferron  was  destroyed  by  boiling  with  a  mixture  of  nitric  and  sulfuric  acids; 
the  mixture  was  heated  until  white  fumes  of  sulfuric  acid  appeared.  On  cooling,  the  residue  was  diluted  with  water 
and  precipitation  effected  with  cupferron.  Results  of  tungsten  and  zirconium  (titanium)  determination,  after  their 
separation,  are  given  in  Table  2. 


TABLE  2. 


WO, 

taken, 

R 

WO3 

found, 

_g 

Ti02 

taken, 

g 

TiO, 

found, 

g 

Zr02 

taken, 

g 

Zr02 
found , 
g 

WO3 

taken, 

g 

WO, 

found, 

g 

Ti02 

taken, 

g 

TiO, 

found, 

g 

Zr02 

taken, 

g 

ZrO, 

found, 

_s 

0,0250 

0,0375 

0,0500 

0,0625 

0,0250 

0,0377 

0,0503 

0,0619 

0,0140 

0,0210 

0,0280 

0,0350 

0,0138 

0,0212 

0,0284 

0,0349 

— 

0,1000 

0,0705 

0,0705 

0,0705 

0,0097 

0,0704 

0,0708 

0,0708 

0,0420 

0,0424 

0,0533 
0,0533 
0  0533 

0,053S 

0,0534 

0,0533^^ 

TABLE  3. 


Sample 

No. 

W  found, 

1c 

W  found  by 
the  riieth- 
01  aadi- 

Ti  found, 

1c 

tions,  1c 

1 

32,3;  32,2 

32,5 

48,6;  48,5 

2 

37,9;  37,7 

37,7 

43,5;  43,4 

As  the  results  given  in  Table  2  show,  by  extracting  titanium  and 
zirconium  cupferronates  in  the  presence  of  oxalic  acid,  it  is  possible 
to  achieve  a  satisfactory  separation  of  these  elements  from  tungsten, 
and  to  determine  them  separately. 

Determination  of  tungsten  and  titanium  in  TiB2~WC  alloys. 

On  the  basis  of  the  experiments  carried  out  on  synthetic  mixtures  the 
following  method  is  suggested  for  determining  titanium  (zirconium) 
and  tungsten  in  alloys. 


A  0,1  g  aliquot  of  alloy  is  dissolved  in  a  mixture  of  hydrofluoric  and  nitric  acids  contained  in  a  platinum  basin; 
sulfuric  acid  is  added,  and  the  mixtures  heated  to  the  appe’arance  of  white  fumes  of  sulfuric  acid.  The  cooled  solu¬ 
tion  is  diluted  with  water  and  transferred  to  a  separating  funnel;  subsequently  oxalic  acid  and  cupferron  are  added. 
The  cupferronate  is  extracted  and  the  method  our’ined  above  for  the  analysis  of  synthetic  mixtures  then  followed. 
Table  3  contains  results  obtained  during  the  determination  of  tungsten  and  titanium  in  TiB2— WC  alloys. 


In  order  to  check  on  the  method,  the  components  of  the  alloy  were  determined  by  the  method  of  additions; 
satisfactory  results  were  obtained. 


SUMMARY 

A  method  has  been  developed  for  the  determination  of  titanium  (zireonium)  and  tungsten  in  TiB2—WC  and 
ZrB2~WC  alloys.  It  is  based  on  separation  of  the  elements  by  precipitation  of  titanium  or  zirconium  cupferronates 
in  the  presence  of  oxalic  acid  which  masks  the  tungsten,  and  extraction  separation  of  the  eupferronates  followed  by 
determination  of  tungsten  with  8-hydroxyquinoline,  and  titanium  and  zirconium  by  a  gravimetric  cupferron  method. 
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Practical  demands  for  an  accurate  method  which  is  less  difficult  than  the  gravimetric  method  for  determina¬ 
tion  of  phosphorus  in  phosphoroorganic  compounds  led  us  to  ctrry  out  a  careful  check  on  a  complexometric  method 
for  the  determination  of  orthophosphate.  For  study  we  chose  the  simplest  method  based  on  precipitation  of  POj'*  as 

MgNH4P04  with  subsequent  determination  of  the  magnesium  in  the  latter 
by  a  back  complexometric  titration  [1-5].  On  using  the  normal  method 
for  complexometric  determination  of  phosphates  [1,  5]  involving  a  single 
precipitation  of  MgNH4P04,  it  was  found  that  the  results  for  orthophos¬ 
phate  determination  were  not  reproducible  and  were  very  high.  The 
relative  error  amounted  to  +5.0<7c.  Modifying  the  precipitation  condi¬ 
tions  for  MgNH4P04  [precipitation  temperature,  amount  of  excess  mag¬ 
nesia  mixture,  ammonium  chloride  concentration,  addition  of  sodium 
ethylenediaminetetracetate  (EDTA-Na)]  does  not  lead  to  satisfactory 
results  [4-6],  Moreover,  during  back  titration  of  excess  EDTA-Na  with 
a  magnesium  salt  using  eriochrome  black  T  as  indicator,  the  color  change 
is  less  distinct  than  during  direct  titration.  The  color  change  is  observed 
over  a  range  of  0.10-0.12  ml  on  titrating  with  0.1  N  magnesium  salt  solution. 

Experiments  showed  that  by  carrying  out  a  double  precipitation  of  magnesium  ammonium  phosphate,  and  also 
by  titrating  with  a  mixed  indicator,  accurate  and  reproducible  results  can  be  obtained  for  orthophosphate. 

The  use  of  a  mixture  of  eriochrome  black  T  with  methyl  orange  or  methyl  red  as  a  mixed  indicator  has  been 
described  [7,  3].  In  the  work  described  here  we  used  a  mixture  of  eriochrome  black  T  and  p-nitrosodimethylaniline 
as  the  mixed  indicator  for  the  complexometric  titration  of  magnesium,  this  mixed  indicator  gives  a  distinct  color 
change  from  green  to  reddish.  Before  completion  of  titration  a  gradual  weakening  of  the  green  color  is  observed. 

At  the  end  point,  on  adding  the  last  0,02-0.04  ml  of  0.1  N  magnesium  salt  solution,  the  green  color  changes  dis¬ 
tinctly  to  reddish.  p-Nitrosodimethylaniline  does  not  affect  titration.  Results  for  phosphate  determination  are  most 
accurate  when  the  EDTA-Na  solution  is  standardized  against  an  aliquot  of  potassium  dihydrogen  phosphate  using  the 
same  technique  as  in  an  actual  determination. 

Table  1  contains  results  for  the  complexometric  determination  of  orthophosphate  using  the  new  indicator  — 
mixture  of  eriochrome  black  T  and  p-nitrosodimethylaniline  —  and  a  double  precipitation  of  MgNH4P04  and  an  EDTA- 
Na  solution  whose  normality  had  been  established  against  an  aliquot  of  potassium  dihydrogen  phosphate. 

EXPERIMENTAL 

150-250  mg  of  MgNH4P04  after  the  usual  reprecipitation  and  standing,  is  filtered  through  a  No.  3  or  No.  4 
glass  filter,  thoroughly  washed  with  2.b°Jo  ammonia  solution  and  dissolved  in  30-35  ml  of  hydrochloric  acid  1;  5. 

The  filter  is  carefully  washed  with  twice  distilled  water.  Fifty  ml  of  0,1  N  EDTA-Na  is  added  to  the  filtrate  and 
the  solution  is  then  made  alkaline  with  concentrated  ammonia  to  the  blue  color  of  litmus  paper.  Fifteen  ml  of 
ammoniacal  buffer  solution,  with  pH  10  is  added  and  the  solution  diluted  to  200-250  ml  with  twice  distilled  water. 
The  solution  is  cooled  to  5-10°  and  a  solid  mixture  of  eriochrome  black  T  and  NaCl  (1;  500)  added  on  a  knife  tip 
until  a  moderate  blue  color  develops,  8-10  drops  of  O.OOb^^c  aqueous  p-nitrosodimethylaniline  is  then  added  until 
•  We  wish  to  thank  R.  N.  Golovat  for  valuable  advice  given  in  the  course  of  this  work. 


TABLE  1.  Complexometric  Determina¬ 
tion  of  Orthophosphate 


P2O5.  mg 

Mean 
error  rela 
five,  ^0 

taken 

found 

165,8 

100,1 

165,0; 

105,1 

-0,1-. 

180,6 

180,0 

180,1; 

186,0 

—0,21 

207,3 

208,0 

208,1; 

207,0 

+0,29 

228,0 

227,0 

228,2; 

228,0 

+0,04 

2/i8,8 

248,1 

248,1; 

249,3 

—0,12 
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an  emerald-green  color  is  obtained.  The  solution  is  titrated  with  0.1  N  magnesium  salt  solution  until  the  green  color 
has  disappeared  completely  and  a  reddish  color  is  obtained.  The  magnesium  salt  solution  is  standardized  by  titrating 
withEDTA-Na  solution  using  the  mixed  indicator,  the  EDTA-Na  solution  having  been  standardized  against  an  aliquot 
of  potassium  dihydrogen  phosphate. 

The  method  developed  has  been  used  for  determining  phosphorus  in  phosphoroorganic  compounds.  An  aliquot 
of  the  phosphoroorganic  compound  was  oxidized  with  a  mixture  of  hydrogen  peroxide  (free  from  phosphates)  and  con¬ 
centrated  sulfuric  acid;  poj”  ions  were  precipitated  as  MgNH4P04  and  after  reprecipitation  of  the  latter,  determina¬ 
tion  was  carried  out  as  described  above.  When  less  than  100  mg  of  MgNH4P04  was  obtained,  0.05  N  solutions  of  EDTA- 
Na  and  magnesium  salt  were  used. 


TABLE  2.  Determination  of  Phosphorus  in  Some  Phosphoroorganic  Com 
pounds 


Compound 

P.^C 

calc. 

found 

(CjH50)2P(S)SK 

13,81 

13,78;  13,77;  13,76;  13,82;  13,80;  13,85 

((i-C3H,0)jP(S)S]8 

14,52 

14,58;  14,50;  14,57 

(CcH50),P(S)SH 

10,97 

10,93;  10,94 

(C6H60),P(S)SK* 

9,67 

9,70;  9,65;  9,71 

*M.  p.  187-188°.  This  compound  was  prepared  by  the  interaction  of  0,0- 
diphenyl  dithiophosphoric  acid  and  K2CO3  in  an  ether  medium.  The  prod¬ 
uct  was  purified  by  precipitation  with  benzene  from  concentrated  acetone 
solutions. 

The  method  gives  readily  reproducible  results.  The  accuracy  is  about  0.3*70  (relative).  Table  2  contains  the 
results  for  phosphorus  determination  in  some  carefully  purified  phosphoroorganic  compounds. 

SUMMARY 

A  more  precise  complexometric  method  of  determining  PO*"  has  been  applied  to  the  determination  of  phos¬ 
phorus  in  organic  compounds.  Results  with  a  relative  error  of  0.3<yo  have  been  obtained  on  reprecipitating  the 
MgNll4P04  precipitates,  standardizing  the  EDTA-Na  solution  used  against  orthophosphate,  and  using  a  mixed  indiea- 
tor  consisting  of  criochrome  black  T  and  p-nitrosodimethylaniline. 
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Volume  XI  of  the  Transactions  of  the  Commission  on  Analytical  Chemistry  is  a  collection  consisting  of  47  articles 
by  different  authors  on  problems  relating  to  the  theory  of  the  action  of  organic  reagents  and  their  use  in  analysis.  The 
articles  are  divided  into  three  sections:  1)  theoretical  research  and  study  of  organic  reagents;  2)  methods  for  deter¬ 
mination  of  individual  elements;  and  3)  different  applications  of  organic  reagents.  The  contents  of  the  articles  do 
not  always  justify  the  basis  for  such  a  strict  subdivision. 

In  the  opening  article  of  the  symposium,  "The  Effect  of  the  Nature  of  theChromophoreonFunctional-Analyti- 
cal  Groups,"  the  author  of  the  article,  M.  Z.  Yampol’skii,  correctly  points  out  the  deficiency  of  the  concept  of  func¬ 
tional-analytical  groups  for  explaining  the  mechanism  of  color  reactions  without  taking  into  account  the  nature  of 
the  chemical  bond  in  the  reagent  molecule.  Nevertheless,  the  effect  of  a  chromophore  on  the  capacity  of  an  organic 
compound  to  be  a  color  reagent  for  a  metal  ion  is  only  stated  in  the  article,  and  is  not  subjected  to  actual  considera¬ 
tion.  The  author  still  adheres  to  the  abandoned  concept  of  the  chromophore  as  a  coordinately-unsaturated  atom, 
which  did  not  allow  him  to  come  to  the  obvious  conclusion  that  an  organic  compound  can  give  a  color  reaction  with 
a  metal  ion,  only  when  the  reactive  group  of  the  reagent  closely  adjoins  the  conjugated  chain  of  the  chromophore  or 
is  a  part  of  the  latter. 

V.  I.  Kuznetsov  in  the  article  "The  Mechanism  of  Acid  Decomposition  of  Complex  Salts,"  considers  pheno¬ 
mena  observed  in  solutions  of  colored  cyclic  salts  on  increasing  the  hydrogen  ion  concentration.  On  slow  acidifica¬ 
tion  of  a  solution  of  a  colored  cyclic  salt  with  a  strong  mineral  acid,  the  color  gradually  approximates  to  that  which 
is  characteristic  for  a  strongly  acid  solution  of  the  reagent.  When,  however,  the  mineral  acid  is  added  rapidly,  the 
color  deepens  strongly,  this  color  being  stable  for  a  more  or  less  prolonged  period.  Considering  the  difference  be¬ 
tween  the  color  of  a  cyclic  salt  and  that  of  a  reagent  as  a  consequence  of  intramolecular  ionization,  V.  I.  Kuznetsov 
explains  this  phenomenon  by  the  fact  that  "acid  decomposition  of  cyclic  salts  is  preceded  by  a  state  with  a  very 
strongly  manifested  intramolecular  ionization."  This  explanation,  which  is,  unfortunately,  based  on  qualitative  visual 
observation,  is  not  convincing.  The  phenomenon  observed  can  also  be  explained  from  another  viewpoint.  In  all  the 
numerous  examples  given  in  the  article,  the  reagents  used  are  hydroxyazo  compounds  for  which  tautomeric  hydroxy- 
azo— quinohydrazone  transformations  leading  to  a  simultaneous  change  in  the  chromophore  and  reactive  group  are 
characteristic,  c.g.,  for  derivatives  of  3,4-dihydroxyazobenzcne  (I,  II). 

Ar-N  N-/ 

1 

Compound  II  which  possesses  a  carbonyl  oxygen  with  an  unshared  electron  pair,  is  more  capable  of  forming  a 
coordination  bond  with  a  metal  ion  than  in  compound  I.  During  rapid  decomposition  of  the  cyclic  salt  formed  by 
compound  II,  there  immediately  appears  a  large  amount  of  unstable  molecules  of  this  compound,  while  its  color, 
as  is  quite  evident,  will  not  be  identical  with  the  color  of  compound  I  or  ions  HI  and  IV  existing  in  alkaline  media, 
and  of  ion  V  existing  in  a  strongly  acid  medium 

OH  O-  OH 

/  ^ 

Ar-N=N-^  ^-O-  Ar-N  =  N-/ _ Ar-NH-N-<^ _ ^-OH 

Ill  IV  '  V 


OH  OH 

1 1 1-  _ / 

OH  VI  Ar— NH— N  =  /  O 


II 
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In  passing,  we  should  point  out  that  not  only  this  case,  but  often  other  phenomena  which  are  explained  from 
the  position  of  the  hypothesis  of  intramolecular  ionization,  or  where  this  theory  is  used  as  a  basis,  can  be  given  other 
interpretation  which  are  more  in  line  with  modern  color  theory.  It  is  quite  obvious  that  the  "hypothesis  of  intra¬ 
molecular  ionization"  requires  quantitative  physicochemical  proof. 

In  another  article  "The  Mechanism  of  the  Color  Reactions  of  Boron  with  Hydroxyanthraquinones,"  V.  I.  Kuz¬ 
netsov  establishes  that  in  a  medium  of  almost  concentrated  sulfuric  acid,  boron  reacts  with  hydroxyanthraquinones 
as  a  cation.  This  fact  explains  the  resemblance  of  the  boron  reaction  with  similar  reactions  of  other  multivalent 
elements  undoubtedly  present  in  strongly  acid  media  as  cations  (germanium,  zirconium).  However,  what  was  said 
in  the  previous  instance  is  also  applicable  to  a  certain  extent,  to  the  further  explanation  of  the  mechanism  of  the 
color  reactions  of  boron  with  hydroxyanthraquinones  in  concentrated  sulfuric  acid.  Reactions  of  boron  with  hydroxy- 
anthraqui nones  are  preceded  by  a  change  in  the  chromophore  of  the  latter  caused  by  the  breaking  of  the  hydrogen 
bond  between  the  carbonyl  oxygen  and  the  hydroxy  group  in  the  a -position.  The  explanation  of  the  mechanism  of 
the  color  reactions  of  boron  with  hydroxyanthraquinones  given  in  the  article  by  P.  N.  Palei,  A.  A.  Nemodruk,  and 
Z.  I,  Pyzhova  in  the  second  section  of  the  symposium  (p.  227)  is  also  insufficient,  since  the  authors  consider  that  the 
complexing  agent  is  not  the  boron  cation,  but  metaboric  acid,  and  they  do  not  take  into  account  the  preceding  reac¬ 
tion  of  the  change  in  the  chromophore  of  the  reagent,  while  the  color  change  is  ascribed  only  to  polarization  of  the 
bond  of  the  central  atom  with  the  hydroxyl  oxygen  of  the  addendum.  One  cannot  deny  the  effect  of  intramolecular 
ionization  or  bond  polarization  on  the  color  of  the  intra  complex  compound.  But,  however  strongly  these  effects  may 
be  manifested,  the  reason  for  the  development  of  "not-comparable"  colors  are  not  these  phenomena,  but  the  preced¬ 
ing  reactions  involving  changes  in  the  chromophore  of  the  organic  reagent. 

In  V.  B.  Avilov's  article  the  author  points  out  that  during  potentiometric  studies  of  complex  formation  between 
metal  ions  and  the  anions  of  weak  organic  acids,  a  correct  characteristic  of  the  behavior  of  redox  systems  in  actual 
cases  is  only  possible  when  one  takes  into  account  the  effect  of  all  the  reagents  used,  in  particular  that  of  the  strong 
acids,  on  the  potential  of  the  system. 

Taking  phcnolphthalein  as  an  example,  I.  G.  Shafran  critically  examines  the  theory  of  the  use  of  one-color 
indicators  and  defines  theory  more  accurately  in  the  case  where  a  doubly  charged  indicator  ion  is  colored. 

A  large  group  of  articles  in  the  first  section  is  devoted  to  consideration  of  the  analytical  properties  of,  and  the 
application  of  individual  groups  of  organic  reagents.  As  examples  of  a  quantitative  approach  to  the  study  of  organic 
reagents,  of  particular  interest  is  the  work  carried  out  by  V.  M.  Peshkova  and  A.  P,  Zozulin,  and  also  by  A.  L.  Ger- 
shuns;  while  the  work  carried  out  by  A.  I.  Cherkesov  serves  as  an  example  of  the  search  for  reagents  on  the  basis  of 
modern  theories  of  the  structure  and  color  of  organic  compounds,  and  the  work  of  A.  I.  Busev  and  M.  I.  Ivanyutin 
for  the  wide  range  of  materials  studied. 

The  article  by  I.  M.  Korenman,  A.  A.  Tumanov,  and  Z.  V.  Krainova  which  ends  the  first  section  of  the  sypo- 
sium,  demonstrates  the  simplicity  and  applicability  of  the  radioactive  isotopes  method  for  studying  precipitation  and 
coprecipitation  of  elements  by  the  action  of  organic  precipitants,  the  hydroxyquinolates  of  zirconium,  copper,  and 
cobalt  being  taken  as  test  examples. 

Articles  on  the  use  of  organic  reagents  for  determination  of  individual  elements  are  collected  in  the  second 
section.  These  articles  are  devoted  to  new  reagents  or  to  new  uses  of  already  known  reagents.  We  should  like  to 
mention  in  particular  one  of  the  articles  included  in  this  section,  an  article  devoted  to  a  comparative  study  of  meth¬ 
ods  for  determining  traces  of  aluminum  by  means  of  organic  reagents  (L.  A.  Molot,  I.  S.  Mustafin,  and  N.  S.  Frumina). 
In  recent  years,  unfortunately,  similar  work  has  been  published  more  and  more  rarely.  In  the  meantime  a  critical 
evaluation  of  new  reagents  and  methods  of  determination  appearing  in  large  numbers  has  become  pressingly  urgent, 
since  the  analytical  chemist  will  simply  become  confused,  unless  the  new  methods  are  not  based  on  a  critical  eval¬ 
uation  of  tlie  possible  variants,  as  has  been  done  in  the  article  by  A.  K.  Babko  and  L.  V.  Markova  which  deals  with 
reactions  for  sulfate  ions  (p.  309). 

The  third  section  includes  a  short  article  by  R.  Pribil  on  new  achievements  in  complexometry  with  new  and 
interesting  examples  from  an  analytical  point  of  view  of  the  selectivity  of  complexometric  determinations.  This 
section  also  includes  reviews  of  the  use  of  organic  reagents  in  amperometry  (V.  M.  Vladimirova),  polarography  (S. 

I.  Sinyakova),  and  chromatography  (F.  M.  Shemyakin).  The  reviews  give  a  good  idea  of  the  possibilities  of  the  use 
of  organic  reagents  in  these  respective  fields  of  analysis,  but,  unfortunately  the  literature  covered  in  these  fields 
only  extends  to  1956. 
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In  an  article  on  the  selectivity  of  ion  exchange  resins,  M.  M.  Senyavin,  G.  M.  Kolosova,  and  A.  B.  Pashkov 
consider  the  physicochemical  processes  which  occur  during  ion  exchange,  and  show  that  the  selectivity  of  the  action 
of  ion  exchange  resins  is  determined  not  only  by  the  nature  of  the  functional  groups  but  also  by  the  structure  of  the 
sorbent. 

The  third  section  also  includes  several  articles  on  the  use  of  organic  reagents  for  the  determination  of  organic 
compounds:  ethylene  oxide  (E.  Sh.  Groisberg);  dinltroethylene  glycol  (A.  A.  Belyakov);  aniline,  methylaniline,  and 
dimethylaniline  (A.  A.  Belyakov  and  N.  V.  Gorbyleva);  esters  of  p-nltrobenzoic  acid  (L.  P.  Kuliev  and  P.  V.  Kristalev), 
air  contaminating  products  from  the  Industrial  production  of  carbon  tetrachloride  (A.  Ya.  Tubina);  practical  recom¬ 
mendations  arc  given.  The  disproportionately  small  number  of  articles  from  this  section  Included  in  the  symposium 
only  serves  to  emphasize  that  the  analytical  research  worker  has  not  hitherto  given  due  attention  to  this  important 
branch  of  analytical  chemistry. 

It  is  impossible  in  such  a  short  review  to  characterize  sufficiently  fully  about  fifty  various  articles.  Each  of 
them  is  of  more  or  less  theoretical  or  practical  interest.  The  symposium  will  be  useful  for  chemists  working  in  the 
respective  fields. 


SIGNIFICANCE  OF  ABBREVIATIONS  MOST  FREQUENTLY 
ENCOUNTERED  IN  SOVIET  PERIODICALS 


FIAN 

GDI 

GITI 

GITTL 

GONTI 

Gosenergoizdat 

Goskhimizdat 

GOST 

GTTI 

IL 

ISN  (Izd.  Sov.  Nauk) 

Izd.  AN  SSSR 

Izd.  MGU 

LEnZhT 

LET 

LETI 

LETIIZhT 

Mashgiz 

MEP 

MES 

MESEP 

MGU 

MKhTI 

MOPI 

MSP 

Nn  ZVUKSZAPIOI 

NIKFI 

ONTI 

OTI 

OTN 

Stroiizdat 

TOE 

TsKTI 

TsNIEL 

TsNIEL-MES 

TsVTI 

UF 

VIESKh 

VNHM 

VNIIZhDT 

VTI 

VZEI 


Phys.  Inst.  Acad.  Scl.  USSR 
Water  Power  Inst. 

State  Sci.-Tech.  Press 

State  Tech,  dnd  Theor.  Lit.  Press 

State  United  Sci.-Tech.  Press 

State  Power  Press 

State  Chem.  Press 

All-Union  State  Standard 

State  Tech,  and  Theor.  Lit.  Press 

Foreign  Lit.  Press 

Soviet  Science  Press 

Acad.  Sci.  USSR  Press 

Moscow  State  Univ.  Press 

Leningrad  Power  Inst,  of  Railroad  Engineering 

Leningrad  Elec.  Engr.  School 

Leningrad  Electrotechnical  Inst. 

Leningrad  Electrical  Engineering  Research  Inst,  of  Railroad  Engr. 

State  Sci.-Tech.  Press  for  Machine  Construction  Lit. 

Ministry  of  Electrical  Industry 
Ministry  of  Electrical  Power  Plants 

Ministry  of  Electrical  Power  Plants  and  the  Electrical  Industry 
Moscow  State  Univ. 

Moscow  Inst.  Chem.  Tech. 

Moscow  Regional  Pedagogical  Inst. 

Ministry  of  Industrial  Construction 
Scientific  Research  Inst,  of  Sound  Recording 
Sci.  Inst,  of  Modern  Motion  Picture  Photography 
United  Sci.  -  Tech.  Press 
Division  of  Technical  Information 
DIv.  Tech.  Sci. 

Construction  Press 
Association  of  Power  Engineers 
Central  Research  Inst,  for  Boilers  and  Turbines 
Central  Scientific  Research  Elec.  Engr.  Lab. 

Central  Scientific  Research  Elec.  Engr.  Lab. -Ministry  of  Electric  Power  Plants 
Central  Office  of  Economic  Information 
Ural  Branch 

All-Union  Inst,  of  Rural  Elec.  Power  Stations 
All-Union  Scientific  Research  Inst,  of  Metrology 
All-Union  Scientific  Research  Inst,  of  Railroad  Engineering 
All-Union  Thermotech.  Inst. 

All-Union  Power  Correspondence  Inst. 


NOTE:  Abbreviations  not  on  this  list  and  not  explained  in  the  translation  have  been  transliterated,  no  further 
information  about  their  significance  being  available  to  us.  -Publisher. 


fs. 

m 


\D 

in 

o> 


inmintn  m 

l4j^0>0)0)0^  0>0)0>0)  Ot 


^  fs. 

tn  in 

O)  Ol 


►w  'W  kL  ®D  " 

»«  K  m  in  10 

2S2S22 


r*»h«>cDO)Oi 

5:  in  in  in  in  in  in  in  m  in  in  in  m 

fj^o\  c*  a*  o  <ji  o>  o^  a>  a  c\  o> 


•-i  pH  10  ^  10 


«-i  f-i 


^  ^  00  <T>  o  flOCMho  oor^Of*«o>ao  o»r^ 

iD  (o  lo  invo  lOinio  if)inu>iOir>iO  min 

Cl  d  Gi  0^  ClClCl  (7lOl0>0>0^0^  Q>  Gt 


O^O^OlOiClCi  ocvc^o^o^ 


0^0  rs.rs.r>.,.<j>CNj  mci  G  Gt 

mm  mmmmm  mm  m  m  ^ 

0^0  O>Ci0^O>^  dC)  o>  d  d 


o  o  5 
(/)  (/)  ji 

<0  «J 

w  .y « y  “ 

C  M.y  M? 

o  o  in  O  t 

■5°  £.9  E 

u  O  0.  CD  2 


3  <  3  ° 

«  £  "D  <0  ^ 
«/>  ^  O  C  3 
u  3  i;  iS  3  r 
^  OQ  0^  OOCD  ^ 

o  J2  S  i5  i2  £ 

<0  c  (t  -c- 

BS  --Sis  S 

c  B " "  B  y 

S  C  a  =1  c  y 
o  o  o  c 
o  o  o  «t 


i3  o  O  I 
3  0)  01  I 

10  nH-  xx" 

u  —  2  2  < 

M  M  2  .5  S  1 
^  i:  .-  (n  (fl  ( 

2  2  c  c  c  I 
JS  2  o  c  c 
5  5  y  .y . 

<0  <0  -3.  0)  0) 

o  u  “E  E 

<  <  UJ  <  <  < 


>«  >s  O 

<0  00  QO  M 

5  ®  2< 


H-  <•>  0) 

•<3000: 

C  0)  4)  M 

3 1:  t;  c 
o  2  2  r 

oS  -i:  S 

t5  c  c  c 
S  W  w  'S> 
a>  c 

2*5 


o  </)(/)  2 

10  U)  g 
m  «  <0  2 
z55i 


.t:  3  tn 

■5;  <0  0)  ^ 

c  SJ  a  to 

—  3  oc5  ' 

■5  CD  .E  c  y  ' 

2  <227  t; 
c  ^  o  E  < 

^  <5  $  4) 

c  3  £  >>£ 

«/»  4)  «J 


O  O  O  O  g 

</>  irt  «/>  ^  JO 

5  iJ  4)  O 

2  2  2  5  3 

S  S  S  tn  ® 

l/>  10  (0  ,/j 

c  c  c  ^ 

=== s  % 

n  to  m  c  4^ 
c  c  c  b  3 
.2  .2  .2  2  « 
to  to  to  o 
z  z  z  £  a 


O  W) 

10  4)  4) 

4)  >  r  O 

O  E  4)  c 

E  4>  t/>  .2 

-  10  O 

o  .2  «  o  (/) 

IJ!  S  <  ^*3 

°  ■*=  >.  *0  M 

?  «  2  g  E  .2  2 

E  .y  ^  S  <y  b  o 

4)  CO  O  5  “D  ,?»  c 

tJ  >s^'^  *0  £ 

o  Q.  >s  K  <  .r  4) 

4)  q:  10  </)  2  o  k. 

53^  og 

c  4)  c  c  Str  0^ 
4) 

4)  4)  'o  <«  </> 

=  B  =  ^-“3> 

ffi  m  ^  (A 


_  I  « 
SSg 

b  10  c 

3  >,  4) 

o  <2 

o  .S  B  " 

X  tc  ^ 

00^ 

O  (A  S 


„  2  >J<A  (A 

m5|?5S 

3  c  5  «>  w  g 

bSIsbI 

IliSlI 


c  c  c  ji 
t  UJ  liJ  c 
2  o  0£ 

li  ID  10  2 

Q.  (T  a  S 


<'>  C  X 

.9  0- 

^  c  ~  u 

c  £  >->  ID 
Ifl  2  3  XI 

•.=  0)  -O  o 
“O  Oq; 
l5  T3  0-  ^ 

r  s'5  o 
™  «  0)  " 
<A  O  ?  I- 


^^75  ™ 

2  I  S  E 

o  „  £  o 

5.y  ££ 

«  2  JO  2 

2  0.  C  c 

b  *4  14 
2  .4)  s  -ji 
C  >  10  10 
O  o  3  3 

z  m  o:  a 


Ofl  >»  r*  — 
o  S  o 


>  C-O  — 

:  c  o  >  XI  2 

O  ^  ^  14  C 

>  '5)  o  o  ^  ^ 

j  2  w  *0 15  o 

}  c  m  4)  1^  (4 

i  to  —  ^  C 

>  15  X)  3  t 

5  H  O  O  *0  3 

:  Q;a:£-? 


III  t  .-  o  c 

Si  O  X3  ID  t 

Jl  "  g  M  O 

y  E  ■-  o  ^ 

in  3  S  o  ^ 

>>  O  ».  -  .™ 

£  "•  o  E  in 

Q.  c  —  41  m 

ID  ID  T}  3 

4)  ;;  c  o  o: 


jt  "Jt  >. 
3  J  3  ID 
ID  S  ID  Je 

Z  «Z  S 

:=  ^  :=  .c 


:=  £  :=  .c 
E  .9  E  y  ID  .5 

4)  N  4)  50  c  — 

-o  -^-o  O  -  ™  ra 


*^(4^(4jo(4jbJC 
4>>£  >*>>»>*3 

5  ~  .y  x  -z  X 

(O  M  (0  Jl)  (O  A) 
g";s5:iA"iA3 


M  *3  4)  (4 
2  -D  -^4 
•J.MW'S 
c  O  J  Xi 
T3-  5  ID 

|b2| 

OZV° 

2C  ^  2 


ID  £  4)  .«! 
■“  >>  .^  C  O 

5,  'm  9  4)" 

.2*0  O-'D  P 

40  40  —  (O  qj  ^ 

9  9  9  —  >  « 
=  =  -9  IS  >  2 
<4  <4  2  £  g 

o  o  •  -  a  g  c 
5550^0. 


^  5  «4  «4  ; 

--  5  .-f  .-i  j 

CW  c  c  ' 

o 

n  ^ 

•r  C  4)  4)  • 

0.  £  o  o '. 
2a.  (E  K  I 


2  o 

"  y  -  B 

E  N  x:  2 

41  t  ^  Z 

>  X  X  X  li- 


£  !5  o 

E  i  ° 

«>  ■£  ID 

>  «  E 

O  ID  41 

^•2  <«  E  so 

C  2 

2  2  '''  4)  o 
^^3>> 


C  N  JC  - 
*  C  ITT  40 

3  4)  0  ®  — 

i  E  O  0  M 

i  'Z^  V  o  o 

;  4)  4,  X  o  o 

:  j<  .9  .N  z  o 
s  "SJ  IS  «-  0  c 
-  -  £ - 3 

4  *4  o  <4  <4  c 

:  c  d)  c  c  t 

5  3  £  3  3 .9 

Z  X  XX 

g  Nl  N  N 


w  B  s  s 


I  Si  E 

d  “i  to 

^  O  <4  iD 

5  w  X  '^2 

O  «)  °  4)  ^  (fl 

^  S  S  2  O 


>,  JC  _  ^  3  9 

3  ■—  Z  'Z  .9  ^ 
5  ID  —  E  lO  X  - 

4)  E  2  ^  IS  £ 

3  ■  'z  ID  >  5  E 

^  *5  c  o  E  4> 

^  b  (O  40 

>  Z  5  ^  add  dB  d 
</)Il5lZ(/)(0I0(0<|iO 
HDDD0DD3>> 


O  ■>  “g  u.  ^ 

a  Q.  >  <  UJ 

o  o  14  £  j:  . 

>  >  N  Nl  N  I 


a 


Published  by  Consultants  Bureau 
for  the  Board  of  Governors  of  Acta  Metallurgica 
under  a  grant  from  the  National  Science  Foundation 


CONTEMPORARY  PROBLEMS 
OF  METALLURGY 

Edited  by  A.  M.  Samarin 
TRANSUTED  FROM  RUSSIAN 

(Original  published  by  the  Academy  of  Sciences  USSR  Press) 


CONTEMPORARY  PROBLEMS  OF  METALLURGY  was 
selected  for  translation  into  English  by  the  Board  of  Governors  of 
Acta  Metallurgica  since  it  offers  Western  scientists  a  comprehensive 
review  of  the  most  significant  research  and  industrial  applications  in 
the  field  of  metallurgy  developed  in  the  Soviet  Union.  This  volume, 
in  addition  to  detailing  the  recent  Soviet  developments  in  this  held, 
contains  two  chapters  which  outline  achievements  in  China  and  in 
East  Germany. 

Soviet  advances  in  the  production  of  steel  and  pig  iron  are  discussed 
at  length.  Heat-resistant,  austitic,  and  stainless  steels  have  been  sub¬ 
jected  to  a  great  deal  of  research  in  the  USSR  and  data  on  various 
heat  treatments  and  their  effects  on  steel  structures  have  been  col¬ 
lected.  These  methods  and  the  many  others  detailed  in  this  book 
assure  its  value  to  all  Western  scientists  and  technologists  concerned 
with  metallurgical  problems. 
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MICROBALANCE  TECHNIQUES 


Proceedings  of  the  1960  Conference  Sponsored  by 

The  Institute  for  Exploratory  Research 

U.  S.  Army  Signal  Research  and  Development  Laboratory 

Edited  by 

M.  J.  KATZ 

U.  S.  Army  Signal  Research  and  Development  Laboratory 
Fort  Monmouth,  New  Jersey 

Introduction  by 
Thor  N.  Rhodin 

Cornell  University 


The  proceedings  of  this  conference  provide 
an  authoritative  introduction  to  the  rapidly 
widening  scope  of  microbalance  methods 
which  is  not  available  elsewhere  in  a  single 
publication. 

The  usefulness  of  microbalance  techniques  in 
the  study  of  the  properties  of  materials  lies 
in  their  extreme  sensitivity  and  versatility. 
This  renders  them  particularly  important  in 
studies  of  properties  of  condensed  systems. 
In  addition  to  the  historical  use  of  microbal¬ 
ance  techniques  as  a  tool  of  microchemistry, 
they  have,  in  recent  years,  found  extensive  ap¬ 
plication  in  the  fields  of  metallurgy,  physics, 
and  chemistry.  The  uniqueness  of  the  method 
results  from  the  facility  it  provides  in  making 
a  series  of  precise  measurements  of  high  sen¬ 
sitivity  under  carefully  controlled  conditions 
over  a  wide  range  of  temperature  and 
pressure. 


This  significant  new  volume  contains  papers 
in  three  major  categories.  The  first  group  of 
reports  deals  with  the  general  structural 
features  and  measuring  capabilities  of  micro¬ 
balances.  In  the  second  group,  a  sophisti¬ 
cated  consideration  and  much  needed  evalua¬ 
tion  of  sources  of  spurious  mass  changes 
associated  with  microbalances  is  presented. 
The  third  group  describes  some  of  the  most 
recent  extensions  in  microbalance  work  to 
new  research  areas  such  as  semiconductors, 
ultra-high  vacuum,  and  high  temperatures. 
These  papers  provide  an  interesting  account 
of  advances  in  the  application  of  the  micro- 
gravimetric  method  to  three  new  and  impor¬ 
tant  fields  of  research  on  the  behavior  of 
materials. 
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